W 
a” 
> 5 , 


N. avigation Ne ew Modelled: 


LL TRE A TI SE 


Geometrical, Tri 8 Arithmetical, 
Infrancutal and Practical 


NAVIGATION; 


TEACHING 
How to 13 A Reckoning, both in Latitude and 


ngitude, without TasLESs or INSTRUMENTS, by 
NEW METHOD never yet Publiſhed : Illuſtrated 

dich Practical Examples of keeping a JouRN AT, 
and correcting it by an Obſervation, with a New Way 

of finding the 3 and Time of 8 at 
any known Port, 


TOGETHER wirTh 75 


All Neceſſary Tal xs, calculated to the New STILE, and 
the Prejection of the Sphere Orthographie and Srereographic. 
_ Alf — Sailing, with other Pleaſant Queſtions, and how 


to Correct = —— by a Solar Obſervation. 
- | — 


, e. 
W r 


The E IGH T H E DI TION, with hs Addidon. 
of f Spherical * Ti rigonometry, and Aftronomy. 


ern ——_—— 


By HENRY WILSON. 


| Reviſed : and corretiad by Wi — Hons, Teacher r of 
the — and F. — 8. 


* — — 
* n ; Ak. — "WEI WW, r tan _ ** 3 ** * 


LOND ON: | 
| Printed for J. MovuhrT, and T. PAO on Towers 
DCC.LXIV. 


— — TEE 


» 
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Leno visor 


TORRINGTON. 


21 ang} mg D have been at 
=QC @ Loſs to approach your 
S Lordſhip with this DE DT. 
CATION, if I had not firſt had 
the Honour 88 to Serve your 
Honourable Father Admiral Byng, in 
the Quality of Mathematician, aboard 
e his Majehiy, Ship the Barfleur, in the 
Mediterranean; 5 1 at the ſame Time hav- 


ing 


CC Cn, as a — — — 


The DEDICATION. 


ing the Honour to attend and aſſiſi your 
 Lordfhip in your Mathematical Studies 
Aboard of L aid Ship, and his Lord- 
' ſhip after his return to England, being 
pleaſed to Accept and Approve of a De- 
dication of this Book 15 3 1 
hambly crave Leave to do myſelf the ad- 
dlitional Honour, to make an bumble Of- 


fering of the fixth Impreſſion to the Pa- 


rronage of your Lordſhip, and to con- 


vinue it under the ſame Noble Family and 


Title, where it has been ſo much encour- 


0 and beg Leave to be ae tbe 
Honour to alert. 711 Mell, . 


My Lord, 
Your | Lordihip's moſt bumble, 


And moſt obedient Servant, 


Henay Wir ton. 


HE general Approbation that this 
Book has met with, both in the 
Navy and amongſt Merchant 
Ships, hath encouraged the R3ok-. 
ſeller, not only to print a large 
Number, but alſo to be at the 
Charge of the Addition of Spherical 
FTrigonometry, Alromony, &c. and engraving all 
the Cuts upon Copper Plates, with ſuch other 

Improvements, as might be thought neceſſary 
to make it a Compleat Treatiſe of Navigation. 
But if there are get ſome in the World, that not 

being capable F Improvements themſelves, 
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envy what is made by others: Let ſuch conlider, 
that there is Room enough for every induſtrious 
Navigator, to employ his Talent that Way: Nor 


is it poſſible to conclude, that Navigation is arrived 


at its ne plus ultra, ſo long as the Longitude remains 
to be ſuch a puzzling Subject to our beſt Mathe- 


maticians, eſpecially now, in a Day when the Par- 


Jiament hath been pleaſed to offer ſuch a liberal and 
plentiful Gratuity to him that ſhall firſt diſcover it : 

For the ſupplying of which Want of an exact Me- 
thod to find the Longitude, 1 have, toward the 
latter End of this Freatiſe, inſerted a very uſeful 
Method for finding the Longitude by the Sun, any 
Day at Noon, when the Sun can be ſeen. But to 


wave this Subject, we find that Mathematical Stu- 


dies did hitherto, and do yet admit of Improve- 
ment: For in former Times, when Mathematical 
Sciences were in their Non-Age, and Miner va's Fruit 
did not grow in ſo many Enzliſþ Gardens as it doth 
now, it was thought (and indeed was) an extraor- 


dinary Attainment in Trigonometrical Operations, 


when the Antients found out the Way of applying 
Riglit Lines to Arches of Circles, which we call 
Sines, Tangents, and Secants, and could thereby 

perform their Trigonometrical Calculations, al- 
though with the vaſt Trouble of multiplying by 5, 


6, 7. "or 8 Fi igures, which took up a large Quantity 


both of Time and Room; but this Manner of Ope- 


ration was much facilitated by my Lord Napier's 


admirable Invention of Logarithms, with the Im- 
provement of Mr. Henry Brigg's; the Uſe of which 
is now ſo common, that he would be thought but 
a ſlender Mathematician, that knows no other Way 


of Operation than by Multiplication and Diviſion, 


the Trouble whereof f is now thought intolerable : _ 
O 10 
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To this we may add the Invention of Gunter's 
Scale, both long and fliding, upon which, with a 
Turn of a Pair of Compaſſes on the one, or on! 
removing the other, are performed thoſe Propoſi- 
tions in Trigonometry which formerly required Abun- 
dance of Figures in the Operation; but all this 
not being thought ſufficiently expeditious at Sea, 
there have been alſo invented Tables ready cal- 
culated, called Traverſe Tables, or Tables of Dif- 
ference of Latitude and Departure, wherein by In- 
ſpection only you may anſwer any Queſtion in an 
of the fix Caſes of Plane Sailing, and alſo find the 
Difference of Longitude, as is taught at large in 
this Treatiſe: But of all the Improvements that 
have been made, I never heard of any that ever at- 
tained to a Method for ſolving all the Caſes in Tri- 
 gonometry, and Practical Navigation, viz. the keeping 
of a Reckoning both in Latitude aad Longitude, 
with ſufficient ExaRnets, without any Tables, Books 
or Inſtruments, or any other Help, but only Pen 
and Ink, or a Piece of Chalk; and this is what I 
have preſented to the World in this Treatiſe, and 
which I take for granted was never taught or printed 
before, excepting that Proportion by which | have 
wrought the ſix Caſes of Plane Sailing by the New 
Method, which we find hinted at by Snelli us, in his 
Cyclometria, quoted by Mr. Collins, in his Book en- 
titled, The Plane Scale New Plained, Fc. in the 
Title Page of which Book he e:umerares amongſt 
the reſt of the Contents, [ Aitbmetical Navigation, 
or Navigation performed by the Pen, if Tables were 
wanting, Sc.] at the firſt Sight of which I thought 
my Deſign had been anticipated, till looking fur- 
ther into the Book where he is upon thit Subject, 
(viz. in Page 118 of the firſt Book) I find he touches 
3 A4 upon 
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upon no more but only that Caſe, where three Sides 
of a right-angled Triangle are given (or found) to 
find an Angle; but (in Page 120) ſpeaking of that 
Caſe of one Side, and two Angles given, to find 
the other Side, he ingeniouſly owns, that it cannot 
be done without a Fable of Sines, and that is what 
I have lafd down in this Treatiſe, v:z. The Solution 


_ of all the other five Caſes of Plane Sailing, or any 


other Operation that depends upon a right-angled 
plane Triangle, with as much (if not more) Eaſe 
and Exactneſs as that is performed there, which en- 
couraged me to proceed to the compleating of that 
New Method, which I deſigned ſhould only have 

been the Subject of this Treatiſe, when I firſt 
thought of appearing in Public. But ſuppoſing 


that thoſe who had learned the whole Art of Na- 


vigation, both Geometrical, Trigonometrical and In- 
frumental, as it is commonly taught in Schools, 
and practiſed at Sea, ſnould be diſcouraged from 
buying the Book, when they found nothing in it 
that they had formerly learnt; therefore for the 
Sake of ſuch, and to make the Book univerſally 
Uſeful, I reſolve to make it a : compleat Treatiſe of 
Navigation, as performed, 


oy Firft, Geometrically, by e with Chords 5 
and equal Parts. ; 


Secondly, By Ka e Calculation, by 
0 L.ogarithms, Sines and Tangenes. | 


T birdy, By InſpeRtion, 3 in the Traverſe Table. 
| Four thy, Arichmerically, by given Numbers. 
Fifihy, 
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 Fifthly, Inſtrumentally, by Scale and Compaſſes. 


Sixtbly, By a New Method, with only Pen and 


Jak. 
Laſtly, Practical Navigation in ſeveral Parts; as, 


Firſt, How to find the Variation of the Compaſs 
by an eaſy Method, without Trigonometrical Cal- 
culation, Azimuth, or Amplitude, whereby they 

that can neither write or read may do it as well as 
the beſt Mathematician. 


Secendh, How to divide the 1 and Rea- 


ſons given for the — aſſigned for one Knot | 
thereof. 


Thirdly, The beſt Method for taking ad work- 
ing an Obſervation, contracted into four Caſes or 
Varieties, which anſwers all Places in the 1 
and at all Times of the Year. 


. Fourthhy, How to reckon the Tides, by a Method - 
ſo eaſy, that you may thereby find the Time of 
 High-Water, at any known Port only by a Sight of 
the Moon, at any Time of the Day or Night, illuſ- 
trated by a Diagram, or Figure, in which, indeed to 
have been exact, the light Part of the Moon's Body 
ſhould have been determined by Ellipſis's, and not 
by Arches of Circles, as is evident from the Ana- 


lemma, if we compare the Poſition of the Eye, 


with reſpect to the Moon, with the Poſition of the 
_ Eye, with reſpect to the Orthographic Projection; 
but I have contented myſelf with theſe circular 
Diviſions, becauſe bat are eaſier performed, and 
| ſerve 


worthy of the Obſervation of the Ingenious. 
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ſerve as well to illuſtrate the Matter for which they 
are projected. 

And here by the Way, we may take Notice of 
one Obſervation with Reſpect to the Tides, though 


for ſome Reaſons omitted in its proper Place, viz. 


Whether the Moon in Perigeon, by Reaſon of her 


nearneſs to the Earth, may not have a greater at- 
tractive Influence upon the Water; as alſo whether 


a greater Congreſs of Planets about the Sun or 


Moon, at the New or Full Moon, may not conduce 
jomething to the augmenting the Tides, by contri- 


buting their (although but ſmall) Attraction, when 
other more ſubſtantial Reaſons there mentioned do 
concur; and this I am rather induced to believe, 

becauſe the Truth hereof has been confirmed to us 


by an Inſtance within the Reach of our own Expe- 
rience; for at the New Moon in September, 1709, 


there was ſuch a Confluence of Natural Cauſes of 


the Tide: For firſt, the Moon was then with the 
Sun. Secondly, It was the Lunation next after the 


Autumnal Equinox. Thirdly, t'ie Moon was at 


or near her Perigeon. Fourthly, The three Planets 
Mars, Venus and Mercury, were all within leſs than 
thirty Degrees of the Sun and Moon; yea, ſome 


within fifteen Degrees, and Jupiter was within thirty- 
five Degrees of the Sun and Moon; and this Lu- 
nation was attended with ſuch exuberant Tides, that 


in the Low Ground in Yorkſhire, over againſt Stock- 


ton, where the Tide never comes but in the very 


high Spring-Tides, it flowed two or three Feet 


Water, and doubtleſs at other Places it was pro- 


portionable, which ſeems to confirm the Truth of 


this more than probable Conjecture, and render it 


O 


Fifthly 
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Fifthly, How to make your own Charts for any 
Voyage ſeveral Ways. 


Lash, The Application of the Whole to the ac- 
tual Keeping of a Reckoning, both in Latitude and 
_ Longitude, failing Large, or upon a Wind; and 

how to make all proper Allowances for Lee-way, 

Variation, Fc. and how to Correct your Reckoning 
by an Obſervation, with Reaſons and Demonſtra- 
tions of the different Ways of doing it. One and 
the ſame Days Work in the Journal, as well as one 
and the ſame Queſtion elſewhere in the Book, be- 
ing performed both by the common Method, and 
alſo by the New Method, that the Reader may ſee 
the Truth and Certainty thereof, 


With Directions ſhewing how to project and an- 
ſwer the various Caſes and Queſtions relating to 
Currents, with other uſeful Queſtions, and a Me- 
thod for finding and correcting the Longitude 
vithout the help of the Dead Reckoning. 


And chat the Book may not be imperfect, or 
Inferior to any of its Kind and Volume, I have ad- 


cd the neceſſary Problems in Spherical Geometry, 


with the twenty-eight Caſes of Spherical Triangles, 
and the Demonſtration of the Concluſions, by 
which ſeveral of the Oblique are performed, dedu- 
ded from the Catholic Propoſitions made uſe of in 
the Sixteen Caſes of Right-angled Triangles: I 
have alſo given Directions for the Solution of Qua- 
drantal Triangles, and the Application of the 
Whole to ſo much Practical Aſtronomy, as is uſe- 
ful in Navigation; all which is what was not in 
the former Impreſſions. 


Ard 
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And although here are Ways propoſed for an- 
ſwering all neceſſary Caſes in Navigation without 
Logarithms, Cc. yet to make the Book univerſally 
uſeful, and as much as can be to anſwer the End 
| | of all Buyers, as well the Learner at School, as 
1 the accompliſned Mathematician in his Trigono- 


[| ble of Logarithms, Sines, and Tangents, and fome 
q other uſeful Tables, which concludes the Whole. 
| | Thus deſiring a favourable Conſtruction to be put 
upon what Faults may eſcape either the Pen or 
the Preſs; I queſtion not the noble hearted Sailor's 
Acceptance ; and that it may be a Benefit to the 
Buyer, a Help to the Learner, a fit Companion 
for the Mariner, and a Credit to the Author, is the 
Deſire of, | 


Yours to ſerve you, 


HENRY WILSON, 


metrical Operations, I have added a Correct Ta- 
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NAVIGATION Geometrical. 
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SECT 1 
G eomet1 ical Problems. 


PRO B. I. From à Point ei ven in the Middle * Line, 
| toerelt a Perpendicular, 


- IT H your Compaſſes opened at any Ex- 

tent, and one Foot in the given Point A, 

ms the Marks 5 and e; then 

with any greater Extent, and one Fig. r. 
Foot in , "make an Arch, as at 4, 

and with the ſame Extent, and one Foot in c, croſs the 

ſaid Arch at d; then from the croſſing of the ſaid Arches 


to the Point A, draw a Line, it is the Perpendicular 
required. | 


PRO B. II. From a Point given above a Line, fo 2 fall 
| 4 Perpendicular, 


With your eC ompaſſes opened at any Extent (more 
than the neareſt Diſtance from the given Point to the 
given Line) and one Foot in the given Point A, croſs 
the given Line * and c; then with any Diſtance 
more than half the? Piſtance between 5 and e, and 


Arches, is the Parallel required. 


2 Geometrical Problems, Chap. I. 


one Foot in þ draw the Arch d, and with 
Fig. 2. the ſame Extent, and one Foot in c, croſs the 
ſaid Arch at d; then lay a Scale from the Point 


A to the croſſing of the Arches at d, ſo draw the Line 


AE, which is the Perpendicular required. 


F R OB. III. How to rai» a Perpendicular upon the End 
of a given Line. 

With your Compaſſes at any Extent, and one Foot 
in the given Point A, make a Mark at any 

Tig. 3. convenient Diltance above the Line, as at &; 
then keeping one Foot in the Mark 5, with 
the ſame Extent Croſs the given Line at c, and turning 
your Compaſſes about, make the Arch 4; ; then lay a 
Scale from the C roſſing at c to the Mark at b, and 
make a Mark where it croſſes the Arch d; ſo a Line 
drawn from that Interſection to the Point A is the 


Perpendicular required. 


2 R OB. IV. How to let full 6 a Perpendicular upon he f 


End of a given Line, from ay given Point over the End 
of the ſaid Line 


Draw a L. ine from the given Point A to interſect the 
given Line at any convenient Diſtance, as at &, 

Fig. 4. then divide the Line A 3 into two equal Parts 
at c; and upon c, with the Extent c A orc B, 


croſs the given Line in 4; then a Line drawn from the 


given Point A to the Interſection at %, is the — 
dicular required. 


P RO B. V. To draw a This parallel to another Line a 


any given Diſtance. 


Take i in your Compaſſes the given Diſtance, and with 
one Foot in the given Line, towards each End 

Fig. 5. of it, draw the two little Arches @ and 3; 2 
Los drawn from the Axtremity of theſe 


PROB. 


Sect. Il. The Conſtru Jion of the Sines, &c. 3 


PROB. VI. To bring any three Points (not fituate in a 
right Line) into the Circumference of a Circle. 


Suppoſe the three Points be A, B, C; firſt take more 
than half the Diſta:ice A B, and with one Foot in A, 
ſweep an. Arch, then with the ſame Diſtance, and one 
Foot in B, draw another Arch to croſs the aforeſaid 
Arch in the Points d and e; then with more than half 
the Diſtance BC, and one Foot in B, draw the Arch 


g b, and with the ſame Diſtance, and one Foot 
in C, draw an Arch to crols the aforeſaid Arch Fig. 6. 


in the Points g and +; then draw the Lines 
a de, andag b, and where theſe Lin-'s croſs, as at a, is 
the Center of the Circle _— 


AM. 
as 
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The Conftrufiior of 8 ines, &c. 
\VERY great Circle is (ſuppoſed to be) divided 


into 360 equal Parts, called D-grees, whereof the 


Half, or Scmicircle, contains 180 Degrees, and the 


Quarter or Quadrant 1s go Degrees, and upon one 
Quadrant is projected the Sincs, hy angents, Sc. 

The Radius 1s the Semidiameter of a Circle, upon 
which the Projection is made; as A K, or A go, or 
A, is the Radius of the projected Diagram, and is 
commonly ſuppoſed to contain 10000 equal Parts. 

A Sine is a Perpendicular let fall from the given De- 


ęrce to the Baie or Semidiameter of the Circle; as the 


Line g 30, is the Sine of 30 Degrees, and the Line 5 


So, is the Sine of 80 Degrees, &c. the Sine of go De- 
grees is equal to the Radius. 


A Tangent or Touch: line, is a Perpend: cular erected 
upon the End of the Semidiameter, juſt fo as 
to touch the Periph Sy of the Circic : Thus FIN - 
the Line K is a Tangent Line. T he Tan- 


B 2 gut 


4 The Conſtrud ion of the Sines, &c. Chap. I. 


gent of any Degree is the Diſtance from the Beginning 
or Foot of the "Tangent Line, to that Part of it where 
the Line, drawn from the Center over the given De- 


gree, cuts the Tangent Line: Thus the Part of the 
Tangent Line & Þ is the Tangent of 50 Degrees. The 


Tangent of 45 is equal to the Radius. 

A Secant is a Line drawn from the Center through 
the given Degree till it interſect the Tangent Line: 
Thus the Line Ap is the Secant of go Degrees. The 
Secants begin at the Radius, and proceed to Infinite. 
The Secant of o Degrees being equal to the Ra- 
dius. 

A Chord is the neareſt Diſtance in a ſtrait Line be- 
tween any Quantity of Degrees; or from o Degrees to 


the Degree whole Chord is required: Thus the Line 
S. go is a Line of Chords, and the Diſtance S. 30 upon 
that Line is the Chord of 30 Degrees, &c. the Chord 


of 60 Degrees is equal to the Radius; and hence it is, 


that the Chord of 60, commonly called the Sweep of 60, 
3s generally taken in the Compaſſes to draw any Great 


Circle, or Arch of a Circle, whoſe Quantity i in Degrees 
is to be meaſured. 


The Sine-Complement of any Arch, is the Sine of 


the Complement of that Arch to 90: Thus the Sine- 
complement of 3o Degrees is the Sine of 60, and the 
Sine- complement of 70 is the Sine of 20, &c. And 


in the Diagram the Line W 40 (equal to the Diſtance 
A f upon the Baſe) i is the Sine- complement of 40 De- 
grees, and ſo in others. 


A verſed Sine is a Segment of the Baſe, contained 


between the Sine of the Degree and the End of the 
Baſe where the Tangent Line begins; thus the Seg- 


ment of the Baſe e Ei is the verſed Sine of 30, Ec. 


From this Projection is reduced the lo ing Axiome 
for the Solution of all the Caſes in Plane Trizonome- 
try; and which (if well underſtoog) are the Ground of 
tne whole Art of Navigation, fo far as it depends upon 


Triangles, and 15 folved by a Canon ; which I ſhall. 


firſt 


N 
„ 
1 
1 
"7 
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firſt ſnew in the following Caſes, and then proceed to 
ſhew how it may be done without. 


KIM 4 
In all right-angled Plane Triangles, if one Side be 


made Radius, the other Sides will be Sines, Sine-com- 


plements, Tangents or Secants, as is evident from the 
Diagram ; for, 5 
Suppoſe in the Diagram the Triangle Ap K; here 
the Side A K the Radius, and the Angle at A being 30 
Degrees, the Side p K is the Tangent of 5c, and the 
Hy potenuſe A p is the Secant of 50; and what Pro- 
portion the Radius hath to the Side A K, the ſame Pro- 
portion hath the Tangent of 50 to the Side K p, and 


the ſame Proportion hath the Secant to the Hypotenuſe 
AP. 


Again, if you will make the Hypotenuſe Radius, and 


ſuppoſe the Angle at A be 40 Degrees; then in the 


Diagram it is repreſented by the Triangle Af 40, and 


then the Side F 40 is the Sine of the angle at A, and 


the Side AF equal to W 40 is the Sine-complement of 


the Angle at A, and then what Proportion the Hypo- 


tenuſe hath to the Radius, the ſame Proportion will 
the Side 40 / have to the Sine of 40, and the ſame Pro- 


portion will the Side A F have to the Sine- complement 


of 40, Sc. and from this Proportion proceeds the ſe- 
cond Axiom. „ | | 


7 AX IOM II. 
In all Plane Triangles the Sides are proportional to 
the Sines of their oppoſite Angles, and the contrary; as 


in the Diagram in the Triangle above-mentioned, Ax 
40, it is demonſtrated, As the Radius or Sine of 9o, is 


to the Hypotenuſe, or Side oppoſite; ſo is the Sine of 


40, to the Side oppoſite to the Angle at A, c. 
This Proportion gommonly called Oppoſite Sides and 


Oppoſite Angles, holds true alſo in Oblique Plane Tri 


B 3 angles; 
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angles; only obſerve, that where you have an Obruſe 
Angle, viz. more than go Degrees, the Sine of it is 


= fuund by ſubtracting the Obtuſe Angle from 180 Ne- 


prees, the Sine of the Remainder is > the Sine of the 
Obruſe Angle required, 


AXIOM III. 


In al Triangles, as the Sum of the Legs containing 
any Angle is to their Difference, ſo is the Tangent of 


half the Sum of the other two Angles, to the langent 


of half their Difference; and therefore, 
When there are given two Sides, and an Angle | in- 


_ cluded, to find the other Angles, the Proportion | js, 


As the Sum of the Sides is to the Difference of the 


Sides, ſo is the Tangent of half the Sum of the un- 


known Angles, to the Tangent of half their Difference; 


which half Difference added to the halt Sum, is the 


greater Angle, and ſubtracted leaves the lefier. 


AXIOM Iv. 


Tn all T riangles, as the Baſe or greater Side, to the 


Sum ct the ather two Sides; fo the Bande of the 


Sidles, to the Difference of the Segments of the Bale, 


which Dijtcrence ſubtracted from the whole Baſe, the 


Perpendicular falls in the Middle of the Remainder, 


an: 0 ſo the Oblique Triangle is reduced to two Right- 
angled ones, and may be wrought after the ſame Manner. 


Br theſe Axioms are all the following Caſes of Plane 


Triangles ſolved; in which obſerve, In Right angled 


Tria. les, the two Sides including the Right- angle are 
* al ed Legs or Sides, or ſometimes Baſe and Perpendi- 
cular; and the ſtope Line is called the Hy potenule, Sc. 


GO 


SECT, 


+. ia 
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Plane 7. i gonometry Geometrical. 
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CA 8 F. I, The Mypotenuſe, and one acute Angle being 
given (conſequently both) to find either Leg. 


Note, IN all Plane Triangles, the three Angles make 


up 180 Degrees, therefore in all Right angled 
Trian gles, becauſe che Right-angle is always 9o, "the 

Sum 2 the other two Angles is alſo 90, and therefore 
ſubtract the acute Angle given from 90, the Remain- 
der is the other acute Angle. 


Given Hypotenuſe AC 550. = 
The Angle at — A 35d oom. Fig. 8. 
Required the Leg AB. | 9 

And the Leg BC. 


1. In this, and all other Caſes, draw the Baſe AB at 
Pleaſure. 


2. With the Chord of bo, and one Foot in A, ſweep 
the Archde. | 


3. With the Chord of the given Angle 35, and one 
Foot in d, with the other Foot croſs the Arch _ 

4. From A through e, draw the Line AC, upon 
which ſer off the Hy ypotenuſe 5:0 from A to C. 
58. From C let fall the Perpendicular upon the Line 

AB to cut it in B, and 'tis done. 

The Leg AB meaſured on the ſame equal Parts om 
which the Hypotenuſe was taken, will be found to be 
4.50.5, viz. 450 and an half, and the Leg BC is 315.5. 


CASE II. Given the Angles and a : Leg to find the Fhpotennſe, 
Given the Angle A 331. 45m. - 
the LegeaB 459 Fig 1 
Required che 8 AC. 35 
B+ i. HW 


ar 1 


Fig. 10. the Leg AB 
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1. Draw AB 449 


2. With the Sweep of 60, and one Foot in A, draw 
the Arch 4e. 


3. With the Chord of the given Angle, and one 
Foot in a, ſet off the given Angle 33d. 45m. from 4 toe. 

4. From B erect a : Perpendicular BC. 

5. Through A and e draw the Hypotenuſe AC, till 
it croſs BC, and 'tis done. 


The Hypotenuſe AC meaſured on the Scale of equal 
Parts will be found to be 540. 


CASE III. Given the Angles and a Leg, to find another 10 


Given the Angle A 33d. 45m. 
the Leg AB 449d. 
Required the Leg BC. 
This is laid down as Cale II. the ſame Things being 
2 and the required Leg BC being meaſured, will 


be found to be 300. 


CASE IV. Giden the Typotenuſe and the Lep to Anda an Angle 
Given the Fiyporenule AC 540 
— 4 
7 Required the Angle at A. 1 
1. Draw AB at pleaſure. 
2. Upon AB ſet off the given Leg 449, how A to B. 
3. From B erect a Perpendicular. 


4. Wich the Hypotenuſe 540, and one Foot in A 


croſs the Perpendicular BC in C. 


5 From the ſaid croſſing to A draw the Line CA. 
6. With the Sweep of 60, and one Foot in A, draw 


the Arch d e, and 'tis done. 


The Arch de meaſured on the Chords gives 3 330 45m. 


the Angle required. 
= CASE V. Given the Hypotenuſe and a Leg, to 15 be 


other Leg. 


Given the Hypotenuſe A@ 540 
the Leg AB — 449 5 
Required the Leg BC The 
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we v „ 1 2 . 
83 # 8 1 * e 8 4 Toe * 5 N : * 
. : p : : * — 3 „ "i | p 8 . * 
* WS Le < * : * . 2 * : 
* „ et ee 


Sect III. Plane T. rigonometry Geometrical, 9g 


The laying down of this 1s the ſame as the former, 
becauſe the ſame Things are given; and the Leg BC 
meaſured on the ſame equal Parts from whence the 
given Parts are laid down, will be found to be 300. 


CASE VI. The Legs given, to find ihe dngte. 


Given the Leg AB 449 
the Leg BC — 300 Fig. 11. 
Required the Anglcs. 7 


1. Draw AB 449. 

2. Upon B erect the Perpendicular BC, and | there- 
upon ſer off 300 from B to C. 

3. Draw the Hypotenuſe AC. 

4. With the [weep of 60, and one Foot in A, draw 
the Arch dee, and 'tis done. 

The Arch de meaſured on the Chords gives 33d. 
4m. the Angle required. 


CASE VII. The Leg given, to ** the Hypotenufe. 


Given the Leg AB —— 449 
me Leg BC: - 300 
Required the Hypotenuſe AC. 


This is laid down as Caſe VI. and the Hypotenuſe 5 
AC meaſured on the ſame Scalc of equal Parts is 540. 


Note; T. beſe ſeven Caſes may be reduced to four, for 


making the firſt Caſe as above to be the firſt Caſe; the ſe- 


cond and third having both the ſame Things given may be 
called the ſecond, and for the ſame Reaſon, the fourth and 


fifth may be comprized in one, and called the third ; and the 
fixth and ſeventh having alſo the ſame Things given, may 


then be called the fourth Caſe, and at this Rate the ſeven 
Caſes arè comprebended in four, becauſe four Times laying 
down includes all the Varieties of Righs-angles Plane Tri- 


angles, © 


n 


10 
en . 
of Oblique Plane Triangles. 


CAS E I. Two Angles and a Side oppoſite to one of them 
given, to find the Side oppoſite te to the other. 


Given the Angle at A —— god. om. 


Fig. 12. the Angle at B — 43d. om. 
| the Side BO — 290 
Required the Side AC. 


1. Draw AZ at pleaſure. 

2. With the Chord of 60, and one Foot in B B (the 
Angle next the given Side) draw the Arch de. 3 
3 Upon that Arch ſet off the Chord of the given 

Angle 45, from d toe. 

4. From B through e draw the Line BC, and upon 
" M ry off the given Side 290 from B to C. 

The Angles A and B being given, the Angle 8 
is alſo known, being the Supplement of the other two 
Angles to 180, and will be found to be 105d. and 

theretore with 60 off the Chords, and one Foot i in C, 
ſweep the Arch F g, upon which ſet off 105d. from F 
tog, and through g draw the Line CA to cut AB in A, 
and 'tis done. 

The Side AC meaſured on the ſac equal Parts i is 
410, the Side required. 

Note; When you have any Chord above go to ſet off, you 
muſt do it at twice, becauſe the Chords go but to go, Se. 


CASE II. Two Sides and an Angle oppoſite to one of 
them given, ta find the Angle oppoſite to the other. 


Given the Side AB —— 560 

Hr. 13. the Side AC — 410 
„ the Angle at B ——- "* om. 

Required the Angle =: C. 


1. Draw AB „ Do 
2. Make the Angle B 45 and F900 the Line BC. 
3. With 
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2. With the Side AC 410, and one Foot in A, croſs 
the Line BC in C, and draw the Line AC, and 'tis done. 
The Angle at C meaſured on the Sweep dee, gives 

105d. the Angle at C required. 
Note; This Caſe is ambiguous, and will adinit of two 


Anſwers; ſo that it is neceſſary that it be known whe- 


ther the Angle at C be acute (that is, leſs than go) or 
obtuſe (that is, more than 9@) for if it be obtuſe, the 
Angle marked C is the Angle required ; but if acute, 
the Angle at O is it; for the Side AC 410 taken in the 


Compaſſes, and one Foot in A will croſs the Line BC 
(continued) both in C and O, Sc. 


CASE III. Given as in Caſe II. to find the third Side. 


The laying down is the ſame as in Caſe II. becauſe 
the ſame Things are given; and the Side BC meaſured 


on the equal Parts is 290, if the Angle be obtuſe; or 
503, if it be acute. 


CASE IV. Two Sides and an ek between them given, 
to find either of the other Angles. 0 


Given the Side AC 410 Fig. 14. 
the Side AB "0 
the Angle at A = 20d. om. 


Required the Angle B. 
1. Draw AB 560 from A to B. 
2. Make the Ange A 30d. om. 
3. Draw AC 410 from A to C. 
4. From C to B draw the Side CB, and 'tis done. 
The Angle B meaſured on the Chords is 45d. om. 


; CAS . v. Given two Sides, and the Angle between them, 


ts find the third Sade. 
Given the Side AC 410 
the Side B 560 
the Angle A 30d. 
Required the Side BC. 


Lay down as in Caſe IV, and the Side BC meaſured ! is 290. 
CA SE 


12 Plane Sailing Geometrical. Chap. I. 1 
CASE VI. Three Sides given to find an Angle. I 
| Given the Side AB 560 1 
Fig. 15, | the Side AC — 410 i 
the Side BO —— 290 

Required the Angle at A. 


1. Draw AB 560 from A to B. 

2. Take the Side AC 410 in your Compaſſes, and 
with one Foot in A, draw an Arch at C. 

. With the Side BC 290 in your Compaſſes, and 

one Foot in B, croſs the Arch at C. 

4. From the crofling | of the ſaid Arches to A and B, 
draw CA and CB, and *tis done. 

The Angle at A meaſured on the Chords is 30d. oom. 


— 


FeV. 
Plane Sailing Geometrical. 
N laying down all the Caſes of Plane Sailing, Tra- 
verſe, Mercator, Etc. obſerve to make the Top of 
the Bool or Slate North, and the Bottom South; the 
Right-hand Eaſt, aud the Left-hand Weſt, &c. 
Obfcrve that in the Application of Right-angled Tri- 
angles, to Queſtions in Plane-Sailing, che Courle i is al- 
Ways the Angle at the Baſe : The Diſtance is the Hy- 
potenuſc: The Difference of Latitude is the North and 
Seuth Line and the Departure is the Eaſt and Welt 
Line of the Triangle. 18 
Thus in the four Triangles, Fig. 16, N' 1, repre- 
ſents a Courle in the N. E. Quarter; N“ 2, 
Fg. 16. -a Courſe in the S. E. Quarter; N 3, 4 
ä Courſe in the S. W. Quarter; N' 4, a Courſe 
in the N. W. Quarter: And in each of theſe Triar gles 
the Point A repreſents the Place ſailed from, and the 
Point C the Place failed to: And the Angle at A is the 
Courſe, the Angle at C its Complement, the Hypote- 
nuſe AC, the Diſtance, the Leg AB the Delf creme of -. 
Latit. ade, and the Leg BC the Departure, Sc. 


CASE 
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CASE I. Courſe and Diſtance given, to find the Difer- 
ence of Latitude and Departure. 


A Ship fails S. W. by S. 540 Miles, I demand the 

a 4 of Latitude and Departure. 
In this and all other Caſes of Plane Sailing, draw 

the North and South Line AB. | 

2. The Courſe being three Points from the 
Meridian, viz. 33d. 45m. make the Angle at Fig. 17. 
A 33d. 45m. from d toe. 
3. Thro' e draw the Hypotenuſe (or Diſtance) AC 
540 from A to C. 

4. From C let fall a Perpendicular CB to cut AB in 
B, and *tis done. 

The Difference of Latitude AB meaſured @ 1s 4493 
and the Departure BC is 300, Cc. 


CASE II. Courſe and Difference of Latitude given, to 
find the Diſtance and Departure. 


A Ship fails S. W. by S. till her Difference of Lati- 
_— be 449, I demand her Diſtance and Departure. 
1, Make Ag the Difference of Latitude 449, Fig 18. 
from A to B. * 
22. Upon B erect the eier BC at Pleaſure. 
3. Ser off the Courſe 33d. 45m. and draw the Hy- 
potenuſe AC to cut BC in C, and 'tis done. 
| The Diſtance AC Sean will be found to be 340, 
and the Departure BC meaſured is 300 Miles. 


CASE III. Courſe and Departure given, to find th: Di 
fſltance and Difference of Latituge. 


A Ship fails N. E. by N. till her Departure be 300 
M. 15 her Diſtance and Difference of Latitude: is required. 
| Draw AB at Pleaſure. 
2. At the Diſtance 300 the Departure g given, 
3 draw the parallel Line 4e. 
3. With the Angle of the Courſe 33d. 


im. draw the Hypotenuſe AD, to cut the Parallel in C. 
4. From 


me Plane Sailing Geometrical. Chap. I. 
From the croſſing at C, let fall the Perpendicular 
CB, to cut AB in B, and *tis done. 


Another Way to lay it down. 


1. Draw AR at Pleaſure. 
2. Upon the North End thereof (becauſe the Ship 
fails to Ne Northward) erect a Perpendicular BC, upon 


Vhich ſet off the Departure 300. 


3. Make the Angle at C 56d. 15m. the Complement 
of the Courſe, and draw the FRO CA, to cut 


AB in A. and *tis done. £ 
3 "I HE Diſtance AC is 540 1 
The Difference of Latitude AB is 449. „ B. 


8 ASE IV. Diſt ence and Difference of Latitade Even, 
0 find the Courſe and Departure. 


A Ship ſails in the S. E. Quartet 540 Miles, and then » 
finds her Difference of Latitude is 449, her Courſe and 
Departure 1s required, 1 
1. Make the Difference of Latitude AB 449, from A 
to B, and upon B erect the Perpendicular BC. 
Fig. 20. 2. Take the Diſtance in your Compaſſes, 
and with one F oot in A croſs the Perpendi- 
culat Wc. 
3. From the croſſing c to A draw AC. 
4. With the Chord of 60 make the Arch d e, and tis 
done. 
The Arch 4 e meaſured on the Rhumbs, is three 
Points, or on the Chords is 33d. 45m. 
The Departure BO is 300. 


© A SE . Diftance 3 Departure given, 70 Sid the 
| Courſe and Difference of Latitude. 


A Ship ſails between the N. and W. 540 Miles, her 


Departure is 300; 1 demand her Courlc, and Difference 
of Latitude 


1. Draw AB at pleaſure. 
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2. At B erect the Any e Te BC, and ſet 
off the Departure 3oo from B to C. Fig. 21, 
3. With the Diſtance 540 in your Compaſ- 
ſes, and one Foot in C, croſs the Line ABin A. 
4. From C to the Croſſing at A draw AC. 
5. With the Chord of 60, and one Foot in A, make 
the Arch 4 e, and 'tis done. 


AB the Difference of Latitude is 449, and the Courſe 
de is three Points, or 33d. 45m. 


C A SE VI. Difference of Latitude and e given, 
to find the Courſe and Diſtance. 


A Ship fails in the S. W. Quarter, till her Difference 
of Latitude be 449, and her Departure 300 i ; her 
Courſe and Diſtance is required. 
1. Draw the Difference of Latitude AB 449, from A 
to B. 
. UP on Beret the Perpendicular BC, upon 
2 off the Departure 300, from B to C. Fig. 22. 

. From A to C draw the Hypotenuſe AC. 
7 With the Chord of 60, make the Arch d e, and 
'tis done. 


The Diſtance AC is 540, and the Angle at A, the 
Courſe three Points, or 3 on 45m. 


. 
Traverſe Sailing Geometrical, 
\ Raverſe Sailing is of Uſe, when a Ship having ſet 
{ail from one Port intending for another, * 
| Cat and Diſtance from the Port failed from, is given 
or known; but by Reaſon of contrary Winds, or other 
Accidents is forced to fail upon ſeveral Courſes, which 
are required to be brought into one Courſe, to know 
thereby (after ſo many various Turnings and Windings) 
the true Courſe and Diſtance made good from the Place 
ſailed from, and the true Point or Place w here the Ship 
is, (that fo the Wind coming fair) it may de known 
how 
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how to ſhape a Courſe for the Place intended; and this, 
which 1s the chief Subject of Traverſe Sailing, may be 


e woe Geometrically two Ways, both which I ſhall 
br 


iefly lay down. 


The firſt is performed by drawing new Meridians 
through the Extremity of every Courſe, parallel to the 


firſt Meridian, or North and South Line, that you 


make at the firſt, and ſo ſet off every Courſe with a 
Sweep of 60, as if it were a Queſtion of Plane Sailing. 
You may allo let fall Perpendiculars to every new Me- 


Tidian from the Point that the Ship ſailed to upon that 


Courſe, and ſo you have the Courſe, Diſtance, Difference 
of Latitude and Departure, to every Courſe; and this 
Method is very uſeful where the Courſes tend generally 
all one Way, without interſecting one another. But if 
your Courſes frequently croſs one another, 'tis beſt to 


lay them down without new Meridians, viz. to ſet off 


one Courſe by another; for which Mr. Atkinſon in his 
Epitome laid down four Rules; but they being ſo bur- 
thenſome to the Memory of young Learners, I ſhall 
not ſo much as name them; but ſhall lay down one 
Rule which is univ erfally uſeful in at] Caſes, and * 
remembered, and 'tis this; 


Obſerve how many Points are beds the Point next 


to be laid down, and the Point oppoſite to the Courſe 
laſt laid down, for that is the Point for laying down; 


therefore wich the Chord of 60, and one Foot in the 
Point the Ship is laſt come to, deſcribe an Arch; upon 


which ſet off the Points found by the aboveſaid Rule, 


and through that draw the Line for the next Courſe, c. 
I shall explain both Ways by Example; and firſt, 


How to lay down a Traverſe by new Meridians. 


A Ship bound for a Port diſtant 120 Miles N. E. 2 E. 
ſails S. S. E. 30 Miles, then N. E. by N. 40, then E. 
by N. 25, then N. N. E. 44; 3 the Courſe and 


Diſtance made good, and alſo the Courſe and Diſtance 


ro the Port bourd for. Firſt, 
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Firſt Draw the Line K H at pleaſure, for a Meridian, 
or North or South Line; and therein aſſume a Point, 
as at A, for the Port failed from; then with 60 from 
the Chords, and one Foot in A, draw the Arch L m, 
upon which ſet off two Points, (becauſe the Courſe is 
C. S. E. ) from L to n, and draw the Line A un, upon 
which ſet off the Diſtance 30 from A to B, then is your 
Ship at B; then let fall the Perpendicular EX, then is 
AK, 27.7. the Difference of Latitude, and BK, 11.5 
the Departure for the firſt Courle -T hen for the 
ſecond Courſe, with the Diſtance KB draw the Parallel 
BN, and thereby, with the Chord of 60, as before, ſet 
off the ſecond Courſe and Diſtance NE. by N. 20, 
from B to C, and let fall the Perpendicular CL, then 
is your Ship at C; the Difference of Latitude upon that 
Courſe is B L 33.3, and the Departure CL 22.2 : 
Then proceed in the ſame Manner for the taird Courſe; 
with the Parallel CO, ſet off E. by N. 25, from C to D, 
and draw the Line D P. (from which ſet of the laſt 
Courſe, N.N.E) 44. then 1s your Ship at E. Now ſee- 
ing the Ship came from A, and 1s now at E, the Line 
AE meaſured on the ſame” equal Parts, upon which " 
the other Diſtances were taken, will be tound to be 
Miles, and the Arch R Q meaſured on the Rumbs 1s 
five Points, viz. N. E. by E. fo that the Ship is now g1 
Miles, N. E. by E. from the Port ſailed from. 

Now to find her Courſe and Diſtance to the Port 
bound for, ſet off four Points and a Half upon the 
Arch RQ, from R to'S, and from A thro? S. draw the 
Line ASF; upon which ſet off 120 (the Diſtance from 
the Port ſailed from to the Port bound for) from A to 
F, then is F the Port bound for; now tne Port bound 
for being at F, and the Ship being but at E, therefore 
the Line EF meaſured on the ſame « equal Parts 
that the reſt was taken from, will be found Fig. 22. 
to be 31, and the Ah TV meaſured on the 


Chords is 35d. 12m. or N. E. by N. fomewaat Eallet- 
ly, Ce. 5 
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How to lay down a Traverſe without new Meridians. 


Firſt, Draw a North and South Line, as 1n the for- 
mer, as the Line RM; in which aſſume a Point, as at 
A, for the Port ſail'd from; then from A ſet off the firſt 


Courſe and Diſtance, viz. N N. W. 68, from A to B; 
then for the ſecond Courſe, with the Chord of 60, wad 


one Foot in B: draw the Arch TW, upon which, for 
ſetting off the next Courſe S. S. W. 70, obſerve the Rule 
at the Beginning of Traverſe Sailing Geometrical, viz. 
Take the Number of Points between the Point oppoſite 


to the laſt Courſe ſail'd, and the Point you are next to | 


ſail. The Reaſon of this Rule is this: If from A to B 


your Courſe be N. N. W. then back from B to A muſt 


needs be S.S.E. (the oppoſite Point) and then if you 
were to {ail S. by E. it muſt be one Point to the South- 
ward of that S.S.E. Line; if South at is two Points, 
and conſequently my next Courſe being S. S. W. I ſer 
off four Points from T to W, and through W draw the 


Line BC, which is a S. S. W. Line, upon which ſet off 


70 Miles from B to C, and then is your Ship at C: 
Then for the third S if from B to C be S. S. W. 
then from C to Bis N. N. E. but my next Courſe being 


E. half N. the Points between N. N. E. and E. half N, 
are ſive Points and a half; therefore, with the Chord of 


60, and one Foot in C, draw the Arch xy, upon which 
ſet off five Points and an half from x to y, and thro? y 


draw the Line CD, upon which ſet off 90 Miles from 


C to D, then is your Ship at D; after the ſame Manner 


lay down all the reſt as DE W. N. W. half N. 70; then 


FE South 25; then FG, E. half S. 45; then laſtly, 
GH South 30, which is the laſt Courſe: Then your 
Ship being at H, and the Port failed from at A, the 
Line AH 28 Miles! is the Diſtance made good, and the 
Angle at A is four Points, viz. S. E. but the Port in- 
tended for being S. W. 55. I ſet it off from A to K, but 


the Ship being : at H the Line HK 62 Miles is the Di- 


ſtance Fn the Ship t to the Port bound for, and the 
Courſe 
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Courſe is found by meaſuring the Angle at II 714d, 
48m. or W.S.W. more than one Quarter Weſterly. 

The Queſtion. A Ship at A bound for a Port at K, 

which bears S. W. from A diſtant 55 Leagues 

but meeting with contrary Winds, ſhe ſails N. Hg. 24. 

N. W. 68 Leagues, then S S. W yo Leagues 

then E. half N. go Leagues, then W. N. W. half N. 70 

Leagues, then S. 25 Leagues, then E. half S. 45 

Leagues, then South 30 Leagues; 1 demand the Courſe 


and Diſtance made good, and Courſe and Diſtance to 
the Port bound for. 


How to tranſcribe a Traverſe, or y any other right-lined Firure 
from the Slate to a Book, or from one Book to another. 


In the firſt Line RM make two or three Marks, as 
at R, A and M; then in the Book in which 
you \ would lay down, draw alſo the ſame Line, Fig. 25. 
and take the Diſtance RA, and ſet from R to 
A in the new Draught; likewiſe ſet the Diſtance AM 
from A to M; then for laying down the Courſes ; as 
firſt, from A to B, with the Diſtance AB in the old 
Draught, and one Foot in Ain the new Draught, make 
an Arch at B; then with the Diſtance MB in the old 
Draught, and one Foot 5 M in the new Draught, 
croſs the former Arch at B; then from A, and the 
croſſing of theſe Arches, draw the I. ine AB; then for 
the Line BC, with the Diſtance RC, and one Foot in 
R, dray a ſmall Arch, and with the Dj ſtance BC, and 
one Foot in B, (or wich the Diſtance MC, and one 


Foot in M) draw an Arch to croſs the former in C 


then from B to that croſſing draw the Line BC, and fo 
in the reſt of the Courſes. And note, you need not 
regard what two Points you take in the whole Draught 
for the fixed Point of your Compaſſes, provided you 
take the ſame Points in the new Draught, only obſerve 
to take two Points, Wo as that the Arches may fairly croſs . 
one another; or elſe you cannot ſo well find the Point 
of Interſection; as ſuppoſing you would find the Point 
B, if you rake the Diſtance AB, and ſet from A to B, 


C9 | and 
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and make an Arch; and then if you take the Diſ- 
tance RB, and ſet from R to B and croſs the former 
Arch, theſe two Arches: will run fo along one another, 
that you cannot diſcern exactly the Place of In erſection; 
to remedy which, take two Marks that bear more ſqua:e 
from B, as A and M, and then the Arches will croſs 
more directly, and the Operation will be more exact. 


—_—_—— 


SECT. VII. 


Mercator 5 Sailing Geometrical. 


** s Sailing is laid down by a right- angled 
Triangle, as Plane-Sailing, only the Triangle 


hath two Perpendiculars, the ſhorter repreſenting the 


Departure; as in Plane- Sailing, and the longer 1 1s the 


Difference of Longitude. 
Thus in the Triangle ADE, A repreſents the Place 
ſailed from; the Angle at A is the Courſe, 

Fig. 26. and the Side AB is the proper Difference of 
Latitude, and BC the Departure, as in Plane- 


Sailing. The whole Baſe AD is the Meridional Diffe- 
rence of Latitude; and the Perpendicular DE. is the 
Difference of Longitude; and ſeeing the Angle at A is 
common to both Triangles, ABC and ADE, therefore 

the Baſe AB is in proportion to the Perpendicular * 


as the whole Baſe AD is to the Perpendicular DE; and 
hence comes the Proportion ; as the proper Difference 


of Latitude, to the Meridional Difference of the Lati- 
tude; fo is the Departure, to the Difference of Longi- 


tude. Euclid. lib. 6. Prop. 6. 
The Meridian Line, with the Scale of equal Parts 


next to it, upon the Gunter's Scale, are of uſe for lay- 
ing down Queſtions in Mercator's Sailing; they are the 


two loweſt Lines upon the Scale, the Meridian Line 


marked [Merid.] and the equal Parks marked [Eq. P.] 
the Graduations of the Meridian Line increaſes, as the 


Degrees of Latitude grow bigger near the Poles ; tlie 


e | 


Sect. VII. Mercator's Sailing Geometrical. 21 


Diſtance and proper Difference of Latitude may be 
taken off the equal Parts, and the Meridional Didcrence | 
of Latitude off the Meridian Line, if the Queſtion be 
ſo large as to permit it. Nevertheleſs, in ſmall Queſ- 
tions, and ſhort Diſtances, where the Diſtance between 
the two Latitudes upon the Meridional Line is too little 
to make a handſome Figure, you may find the Meri- 
dional Difference of Latitude, by the Table of Meri- 
dional Parts, and fo take both it and the proper Diffe- 
rence of Latitude; with the Departure, Diſtance, and 
Difference of Longitude, off any equal Parts that you 
think will be proportional to the Dimenſions that you 
would have your Queſtion to contain; only take Care, 
that from whatſoever equal Parts you take the given 
Sides, you muſt meaſure the required Sides, (when 


found) upon the ſame equal Parts. I ſhall inſtance both 
Ways, in the following Examples. 


CASE I. One Latitude, Courſe and Diſtance given, to 
find the other Latitude, and Difference of Longitude. 


A Ship in Latitude 50d. om. North, fails N.W. by 


N. 987 Miles, I demand the Latitude come to, and 
Difference of Longitude. 


1. Draw ABD at pleaſure. 


2. At an Angle of 33d. 45m. draw AC continued, 


upon which from the equal Parts ſet off the Diſtance 
987 from A to C. 


3. Let fall the Perpendicular CB. 
4. Meaſure AB the Difference of Latina 820 min. 
or 13d. 4om. which added to Latitude 50, gives the 
Latitude come to, 63d. 4om. 
5. Extend the Compaſſes upon the Meridian Line 

from 50 to 63d. 40m. and ſet that Extent 
upon the Line AD, from D to D; then is AD Fig. 27. 
1519, the Meridional Difference of Latitude. 

6. From D er&t the Perpendicular D E, to cut 
A, C, E, in E, and tis done. 


Then! is AB 820 min. or 13d. 40m. the Difference 
of Latitude, which added to the Latitude ſailed from 


L'2 (becauſe. 
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becauſe the Ship ſails to the Northward) produces 63d. 
40m. the Latitude cone to. 
DE 1017 is the Difference of Longitude required. 


CASE II. Botb gy and Courſe given, to find the 
Diftance and Difference of Lonpitude. 


A Ship in Lat. 56d. 25m. North, fails N. N.E. into 

n 68d. 3om. I demand as above. 
Extend the C ompailes on the Meridian Line from 

Fin 28 Lat. 56d, 25m. to Lat. 68d. 3om. and ſet 

. Extent on the Line AD, from A to D. 
2. Take 72; (the proper Difference of Latitude, in 
Minutes) from the equal Parts under the Meridian 
Tine, and ſet upon the Line AD, from A to B. 

3. At an Angle of 22d. 3om. (the Courſe given) 
WEE the Hypot tenuſe ACE. 
4. At B and D erect the Perpendiculars BC and DE, 
28 tis done. 
Then is AC 7835 the Diſtance, and DE. 660 is the 
Difference of Longitude required. 

tp Note, Upon the equal Parts under the Meridian 
Line, every Degree being 60 Minutes or Miles, every 
10 Degrees is 600 Miles; and ſo for 660, ſet one Foot 
in 10, the other exten nded one whole Niviſion beyond 
the Cypher towards the en 18 0 and two 
Diviſions is 720, Sc. 


CASE III. Ose L aims, Courſe, and Difference of Lon- 
ritude given, lo find the other Latitude and Diſtance. 
= A Ship in Lat. 5o fails NN. W. till her Difference of 
Longitude be 7 Deg. or 420 Minutes; I demand as above. 
. "Draw ABD at pleature. 
2. At an Angle of 22d. 3om. draw the 
Fg. 29. Hypotenuſe AC continued. 
_ At the Diſtance of 420 (the Difference 
or Longitude, draw a Line parallel to AD. 
4. From the Point where that Parallel interſects the 
Hy potenuſe, as at E, ler fall the Perpendicular + SIN 
, With the Extent AD, and one Foot in the given Lati- 


ade 59 upon the Meridian Line, extend the other upward, 
| becauſe 


5 — — 
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becauſe the Ship ſails to the Northward, and the other 
Foot will light upon 59d. 40m. the Latitude come to. 
6. With the proper Difference of Latitude 580 (off 
the equal Parts) and one F oot in A, find the Point B in 
the Line ABD. | 
7. At B erect the Perpendicular BC, and 'tis done. 

Ihen is AB 380 the proper Difference of Latitude, 

which reduced into Degrees and Minutes is 9d. 40m. 
V hich added to the Latitude failed from, viz. 5od. oom. 


the Sum 59d. 40m. is the Latitude come to, and AC 
628 is the Diſtance required. 


CASE IV. Both Latitudes and Diſtance given, to find 
the Caurſe and Difference of Longitude. | 


A Ship in Latitude god. North, fails 3505 Miles, and 
15 then by Obſervation in Lat 1 3d. 12m. I demand as 
above. 

This Queſtion being larger than the Book can conve- 
niently contain, if taken off the Meridian Line, I ſhall 
take it off a Scale of leſſer equal Parts, and find the 
Y „ Difference of Latitude by the Table. 

" Draw ABD, upon which ſet off the proper Diffe- 
3 rence of Latitude 2208 from A to B, and the 


M-eridional Difference of Latitude, 2676 Fig. 30: 
* from A to D. | | 
| 2. At B and D erect the Perpendiculars BC and DE. 1 
With the Diſtance 3505, and one Foot in A, with 
.the other crols the Perpendicular BC, in C. 
4. Draw AC continued to E, and *tis done. 
The Angle BAC meaſured on the Chords is god. 
57m. and the Perpendicular DE 3298, is the Diffe- 
| rence of Longitude required. 
CASE V. Both Latitudes and Departure given, to find 
Courſe, Diſtance, and Difference of Lomgitude. 


A Ship in Latitude 35d. North, fails in the North Eaſt 
Quarter into Latitude 56d. 10m. North, her Departure 
W 50 Miles; I demand as above. 
This and all the following Queſtions in Mercator's 
Sailing Geometric cel contain too ſhort Diſtances to be taken 


C's of 


24 Mertator's Sailing Geometrical, Chap I. 


off the Meridian Line, I ſtall therefore project them 
from larger equal Parts. 

1. Draw ABD, upon which ſet off the proper Diffe- 

rence of Latitude 70 from A to B, and the 

Fig 31. Mericional Difference of Latitude 124 from 

A 0 D. 

2. From the Points B and D erect the Perpendiculars 
BC and DE. 

3. Upon BC ſet off the Departure 30 from B to C. 

4. Thro the Point C draw the Line AC continued, 


till it cut the Perpendicular DE in E, and *tis done. 


Then the Angle at A meaſured on the Chords, is 
35d. 32m. for the Courſe, which is N. E. by N. ſome- 
thing Eaſterly, and the Hypotenuſe AC 86 is the Diſ- 
tance, and the Perpendicular DE 89 is the Difference 


of Longitude required. 


CASE VI. Beth Latitudes and Difference of Longitude 
given, to find the reſt. | 


Suppoſe two Places, one in Latitude 56d. 15m. and 


the other in Latitude 38d. 35m. their Difference of Lon- 


gitude 2d. 30m. I demand the Courſe from the South- 
ermoſt to the Northermoſt, and alſo their Diſtance and 


Departure. 


1. Upon the Line ABD ſet off the proper Diff. Lat. 
and Merid. Diff. Lat. to B and D, and there 


Fiz 32. erect Perpendiculars, as in Caſe the Fifth. 


2. Upon DE ſet off the Difference of Lon- 
gitude 150 from D to E. 


From A to E draw the Hypotenuſe ACE to cut 


BO in C. Then is BC $0 the Departure; the Angle at A 


29d. 53m. is the Courſe, and AC 161 is the Diftance. 
Ncte, The Figure placed between B and D (as here 

is 260) is the Meridional Difference of Latitude repre- 

jented by the whole Line AD. 


CASE VII. One Lalitude, Courſe end Departure given, 


10 find the other Latitude, Diſtance and Diff. Longitude. 


A Ship in Latitude 58d. om. North, fails S. S. W. + W. 
till her „ be 60 Miles or Minutes; I demand 
as above. 1. Draw 


„ * 


| . Rt beund jor 
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Draw ABD a pleaſure. 

A At the Angle of 28d. 7m. the given 
Courſe draw ACE continued. Fig. 33. 

3. At 60 Diſtance from ABD, draw the 
Parallel e g, and where it cuts ACE, as in C, let, fall 
the Perpendicular CB. 
4.᷑. Then is AB the proper Difference of Latitude, by 
which you may find the Latitude, Courſe, and alſo the 
Meridional Difference of Latitude, which (found as 
directed in Mercator's Sailing Trigonometrical, Cale I.) 
is 206, to be ſet from A toD. 

5. Raiſe the Perpendicular DE, to cut ACE in E, 
and *tis done. 
The Latitude come to is 56d. 3m. the Difference of 
Longitude DE 110, Ce. 


CASE VIII. One Lan Diſtance, and Departure 


given, to find the other Latitude, Courſe, and ng ; 
of Longitude. 


A Ship in Lat. 58d. om. North, ſails between the 
South and Weſt ny Miles, her Departure 60; I de- 
mand the reſt. 
See the Figure in Caſe the Seventh. 
1. Draw ABD at pleaſure. 
2. At 60 (the __—} Diſtance from ABD, draw 
the Parallel e g. 

3. With the Diſtance 127, and one Foot in A croſs 
the ſaid Parallel in C. 

4. Let fall the Perpendicular CB to cut ABD in B; 
then is AB the proper Difference of Latitude, by which 
find the Meridional Difference of Latitude, as in Caſe VII. 
which ſet from A to D, and raiſe the Perpendicular DE. 
„ ERA through the Crofling at C, draw ACE, 
to cut DE in E, and *tis done. 

The Latitude come to is 56d. zm. the Angle A the 
Courſe 28d. 7m. \ 

The Difference of Longitude DE. is 110. 


sxcr. 


E 2 3 2 
— — us. mn Ro — 
2 2 2 6 © bu — 


- + 8 . _— 


. *—_ 


— : - 
- — — 2 —— . 
. 7 


— — 2 — 


— 


26 Parallel Sailing Geemetrical, Chap. I. 


SE EN. . 

Parallel Sailing Geometrical. 
HERE, are only two ways moſt uſeful and intel- 
lioivle for laying down Parallel Sailing; the one 

called Bell-faſhion; the other Plane Triangle. 
In the firlt of theſe it is laid down by a Figure ſome- 
what like a Bell, from whence I ſuppoſe it 
Fig. 34. takes its Name. In this Figure the two ides 
AD and AF. are equal (viz. equal to the Ra- 
dius or Sine of go z or if you think the Projection will 
be tou {inall, you may make them twice the Sine of go, 


(provided you take all the other double alſo) and then 
the Line BC repreſents their true Diſtance in the 


Parallel, and DE repreſents their Diſtance in the Equi- 


— or Difference of Longitude, 
The other Way is by Plane Triangle, in which two of 
the Angles are equal to the Complement of 
. Latitude in which their Diſtance is requi- 
red; and therefore if their Difference of Lon- 
Wor 1 Diſtance in the Equinoctial, be given or re- 
quircd, the Triangle is right- -angled, as in the Figure; 
and there the Angle at A 1s equal to the Complement 
of Latitude, the Perpendicular BC repreſents the Diſ- 
tance, and the Hypotenuſe AC the Difference of Lon. 
Situde. 
But when the Diſtance in one Parall! el is given, and 


the Diſtance in another Parallel is required, it makes an 
oblique Triangle, viz. with two acute Angles, {becauſe 
the Complement of all Larirudes, except r od. 


em. viz. under the Equinoctial, is lels than go Degrees) 
as in the Figure, wherein the Angle at A re- 

Fig. 36. preſents the Complement of one Latitude, 
and its oppoſite Side BC their Diſtance in that 
Parallel, and the Angle at B is equal to the Comple- 
ment of the other Latitude, and its oppoſite Side AC 
repreſents their Diſtance in that Parallel, ſuppoſing each 


Ship keeps always under the fame Meridian 3 and this 


by Oblique T riangles is uſeful only in the two laſt Caſes. 
"CASE 
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CASE I. Two Ships or Places in one Parallel, their 
Latitude and Diſtance given, to find their Difference of 
Longitude. 


Two Ships in Lat. 50, diſtant 76 Miles ; I demand 
as above. 
1. With the Sine 4 9o, (or Chord of 60) and one 
Foot in A, ſweep the Sock DE. | 
2. With the Sine 40 (the Complement of La- Fig. 37. 
titude) and one Foot in A, ſweep the Arch BC. 

3. Take the Diſtance 76 from any equal Parts, and 
ſet from B to C, and draw the Line AE through the 
Point C, to cut the Arch DE in E, and draw AD 

through B. 

4. Draw the Lines BC and DE, then is BC 76 the 
Diſtance, and DE 118 the Difference of Longitude. 

The ſame Queſtion by Plane Triangle. 
1. Draw the Line AB at pleaſure. . 38. 
2. Atan Angle of 40 Degrees the Comple- 
ment of Latitude, draw the Hypotenuſe AC continued, 

3. . Draw the Parallel eg diſtant from AB, 76 the Di- 
ſtance. 

4. Where that Parallel interſects the Hypotenuſe AC, 
as in the Point C, let fall the Perpendicular CB to cut 

AB in B, and 'tis done. f 

Then is BC the Diſtance 76, and AC 118 che Diffe- 
rence of Longitude. 


CASE II. Latitude and Difference of Longitude given, 
to find the Diſtance. 


Two Ships in Latitude 530, their Difference of Lon- 
gitude 118: I demand their Diſtance. 


See the Figures in Cale I, 
Bell. Faſhion. 

1. With the Sine of go draw the Arch DE; ind 
with the Sine of 40, the Complement of Latitude, draw 
the Arch BC, as in Caſe the firſt. 

2. Set the Difference of Longitud 118, from D to E 
3. Draw the Lines AD and AE, which will cut the 
Arch BC in B and C. 4. Draw 
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4 Draw alſo the Lines BC and DE, and 'tis done. 
The Line BC 76 is the Diſtance required. 


By Plane Triangle. 


1. Draw AB at pleaſure. 

2. With 40 Degrees, the Complement of Latitude, 
make the Angle at A, and draw the Hypotenuſe AC, 
upon which ſer off the Difference of Longitude 118 
from A to C. 

3. From C tet fall the perpendiculat CB to cut AB 
in R, and 'tis done. 

Then is BC 76 the Diſtance required. 


CASE III. Diſtance and Difference of Longitude given, 
to find the Parallel or Latitude. | 


1 Ship ſails due W. 2700 Miles, her Difference of 
Longitude 4200 min. I demand what Latitude the Ship 
fails in. 
1. With the Sine of 90, and one Foot in A, draw 
the Arch DE. 

- 2. See the Difference of Longitude 4200 
Fig. 29. from D to E, and draw the Line DE. 
3. Draw the Lines ABD and ACE. 
4. Biſſect the Line DE in m, and draw A m. 

5. Draw the Lines 7 k and gh parallel to A zz, and 

diſtance from Am equal to half the given Diſtance 1350. 
6. Where theſe Parallels croſs the Lines AD and 


AE, with the fixed Point of your Compaſſes in A draw 
the Arch BC, and then draw the Line BC. 


T hen place one Foot in A, and the other in Bor C, 
that Extent applied to the natural Sides will reach to 
40, the Complement of Latitude, ſo that 50 1 is the 
Latitude required. 


By Plane T riangle. 


15 Draw AB continued. 
2. Any where as at 's, erect the Perpen- i 

Fig. 30. dicular BC, and ſet off the Diſtance 2700 
from B to C. 


3. With : 
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3. With the Difference of Longitude 4200, and one 


Foot in C croſs the Line AB in A, and draw the Line 
AC. 

4. With the Chord of 60, and one Foot 1 in A draw 
the Arch de. 

The Angle at A meaſured on the Arch de, is 40 the: 
grees, the Complement of Latitude required. 


CASE IV. Two Ships ſailing direfly North or South, 


their Diſtance in one Parallel given, ta find their Difance 
in another Parallel. 


Suppoſe two Ships in Latitude 50 North, diſtant 200 
Miles, they both fail directly North into Latitude 73 
North; their Diſtance in that Parallel is required. 


. With the Sine Complement of the Latitude in which 


their Diſtance is given (via. Sine Complement 

of 50, which is Sine of 40) and one Foot in Fig. 41. 

A, deſcribe the Arch DE, and upon that 

ſet off the Diſtance in that Parallel 200 from D to E. 
2. With the Sine of go draw the Arch FG. 


3. From A through D and E draw the Line AF and 


AG. 


viz. 73 (which is the Sine of 17) and one Foot in A, 
draw the Arch BC to cut AF in B, and AG in C, and 
draw BC. 


The Line BC meaſured on the * equal Parts from 
which you took the firſt Diſtance DE, will be found to 


be 91, the Diſtance of the Ships in Latitude 73 ; and 
if their Difference of Longitude were required, it may 
be found by meaſuring the Line FG. 


By Plane Triangle. 


Here is given the Angles A and B, the Complement of 


each Latitude, and the Side BC their Diſtance _ 
in Latitude 30, to find their Side AC, their Fig. 42. 
Diſtance in Latitude 73: So that here is two 

Angles and a Side oppoſite to one of them given, to find 


the 


4. With the Sine- Complement of the other Latitude, 
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the Side oppoſite to the other, by Caſe I. of Oblique 
Plane Triangles, to which J refer you. 


CASE V. Two Ships in one Parallel with their Diſtance 
in that Parallel given, ſailing both direfly Nor th or South, 


and then their Diſtance in the Parallel come to is given, 
to find the Parallel arrived at. 


Two Ships in Latitude go, diſtant 200 Miles, ſail 
North, till they are but 91 Miles diſtant; demand the 
Latitude come to. 


1. With Sine-Complement of 50, and one Foot in A, 
draw the Arch DE, and ſet off 200 from D 
to E, being the given Diſtance in that Parallel. Fig. 43. 
2. Through D from the Point A, draw the 
Line AF, and from A through E draw AG, having 


firſt n the Arch FG with the Sine of go. 


3. Biſſect FG in u, and dra che Parallels g b and 5k, 
diſtant from A m equal to half the Diſtance 1 in the La- 


titude come to, viz. half 91, which is 45d. 4 


4. Obſerve where theſe Parallels cut the "Fa AF and 


AG, as in B and C, therefore draw the Arch BC, and 


the Line BC, and *tis done. 
Then AB, or AC, taken in your Compalics, and ap- 


plied to the Sines, will reach to the Sine of 17, the 
Complement of the Latitude required; fo that the La- 


titude come to is 73. 
By Plane 7. Triangle. See the Triengle in Caſe IV. in 


which there is given the Side BC 200, their Diſtance 


in Latitude 30, and the Angle oppoſite, viz. at A the 


Complement of that Latitude: There is alſo given the 


Side AC, their Diſtance in the Latitude come to, to 
find the Angle at B the Complement of the Latitude 
come to; ſo that here are two Sides and an Angle op- 


poſite to one of them given, to find the Angle oppoſite 


to the otlier by Caſe II. * Plane 2. ö 
Geometrical. 


SECT. 
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SECT. IX. 
Middle Latitude Sailing Geometrical, 


HERE are innumerable Ways of projecting 
Middle Latitude Sailing. I ſhall not trouble the 
Reader with them all, becauſe many of them are alto- 
gether uſeleſs and impracticable at Sea ; I ſhall there- 
fore only inſert thoſe Methods that may ſerve as a De- 
monſtration and Proof of the Proportions laid down in 
the Trigonometrical Part of Middle Latitude Sailing, 
and omit the reſt; being unwilling to put the Reader 
to the Charge of any Thing but what may be uſeful 
and profitable. 
I he firſt Proportion mentioned in Middle Latitude 
Sailing Trigonometrical, is, As the Difference of Lati- 
| rude is to the Difference of Longitude; ſo is Sine- 
_ Complement of Middle Latitude, to the Tangent of 
the Courſe. Or (which is the ſame) As the Difference 
of Latitude, is to the Sine Complement of Middle La- 
ritude, ſo is the Difference of Longitude, to the Tan- 
gent of the Courſe. 

The firſt Queſtion there, is in Caſe I. One Latitude, 
Cour ſe, and Diſtance given, to find the other Latitude, De- 
' parture and Difference of Longitude. 

A Ship in Latitude god. om. North, ſails N. E. by 
N. 987 Miles: I demand the Latitude come to, with 
Departure and Difference of Longitude. 

Note; I ſhall inſtance, in this Queſtion, Examples 
of all the different Ways that I ſhall inſert for projecting 
Middle Latitude Sailing, and for demonſtrating the Pro- 
portions generally uſed therein, ſuppoſing it too tedious 
to inſert all the different Projections and Demonſtrati- 


ons in every Caſe thereof, and firſt for the Proportion | 
| above-mentioned. 


GeomArical Conſtructions. 


Draw the North and South Line AB, and with the 
given Courſe and Diſtance lay down the Triangle ABC, 
as 


- ) - - ſ 2 p.__ — 
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as in Plane Sailing Geometrical, Caſe I. and hav- 
Fig. 44. ing thus found the Difference of Latitude, and 
conſequently the Latitude come to, and the Mid- 

dle Latitude; ſet off the Sine Complement of the Mid- 
dle Latitude from A to b, and ſet off the Radius or Sine 
of go, from A to e, and erect the Perpendiculars Y i and 
e g parallel to BC, and continue BC at pleaſure: Then 
obſerve where the Hypotenuſe-AC cuts the Perpendicu- 
lar e g which is erected from the Sine of go) as is &; then 
take in your Compaſſes the Extent e &, and place from 
h to i, and from A through i draw the Line AD to cut 
the Perpendicular BD in D; then is BD 1003 the Dif- 


ference of Longitude required, and BC 548 is the De- 


parture, and AB 821 is the Difference of Latitude, the 


 Hypotenuſe AC 987 the Diſtance, and the Angle BAC 


33d. 45m. is the Courſe from the North Eaftwards, or 


N. E by N. | 


Now that this is a demonſtrative Proof of the Ana- 
logy or Proportion before mentioned, is evident ; for 


as AB the Difference of Latitude, is to A h the Sine 
Complement of Middle Latitude; ſo is BD the Diffe- 


rence of Longitude, to h i, which by Conſtruction is al- 


ways equal to e &, the Tangent of the Courſe: And that 
it is, As AB to Ab, ſo BD to h i, See Euclid. Lib. 6. 


Prop. 4. Therefore as the Difference of Latitude, is to 
the Sine Complement of Middle Latitude, fo is the Dif- 
ference of Longitude to the Tangent of the Courſe. 
Another Proportion is, as the Sine Complement of 
the Middle Latitude is ro Radius; fo is the Departure, 
to the Difference of Longitude, which may eaſily be 


projected and demonſtrated in ont Right-angled Tri- 


angle, O which if we affix another Right-angled Trian- 
gle; wl::chis common in Plane Sailing, (viz. as Radius, 
to the Diſtance; ſo is Sine of the Courſe, to the De- 


parture) making the Perpendicular, which is the De- 
parture common to both, you will thereby have conſti- 


tuted an Oblique Triangle, whoſe Proportion between 
its oppoſite Sides and Angles plainly proves the third 
| £ ET Proportion, 
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Proportion, viz. As Sine Complement of Middle La- 
titude, is to the Sine of the Courſe; ſo is the Diſtance 
to the Difference of Longitude : Or (which is the ſame) 
As Sine Complement of Middle Latitude is to the Di- 
Nance; ſo is the Sine of the Courſe, to the Difference 
of Longitude. I ſhall inſtance in the firſt Caſe before- 
mentioned, where one Latitude, Courſe and Diſtance 
is given, to find the other Latitude, Departure and 
Difference of Longitude. 
A Ship in Latitude god. om. ſails N. E. by N. 987 
Miles; I demand as above. 


With the Courſe 33d. 45m. and Diſtance 987, lay 
down the Triangle ABC, as in Plane Sailing, | 
Caſe I. and having found the Difference of Fig. 45. 
Latitude, and conſequently Middle Latitude, 
which in this Queſtion is 56d. 51m. therefore draw the 
Line CD to make an Angle of 56d. 51m. with the Line 
C), and draw the ſaid Line CD. till it cut the Line AB 

continued, then is CD 1003 the Difference of Longitude 

required. Becauſe if the Angle BCD be the Middle 
Latitude, the Angle BDC mult needs be the Comple- 
ment of Middle Latitude, becauſe DBC is a Right: 
Angle: And the Side BC being the Departure, is com- 
mon to both Triangles ; therefore in the Triangle ABC, 
u is, as Radius is T0 che. Diſtance AC, ſo is the Sine 
of the Courſe BAC, to the Departure BC; and then it 
muſt needs be alſo, 'As Sine of BDC, the Complement 
of Middle Latitude, to its oppoſite Side BC the De- 
_ ſo is Radius, to the Difference of Long! tude 

C 

Hereby is alſo projected by Conſequence a Demons 
ſtration of chat Proportion; As Sine Complement of 
Middle Latitude, is to the Diſtance; ſo Sine of the 
Courſe, to the Difference of Longitude : Or as it is ex- 
preſſed in the Beginning of Middle Latitude Sailing Tri- 
Fgeonometrical, as Sine Complement of Middie Latitude ig 
to the Sine of the Cgurle 3 ſp is the Diſtance, to the 
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Difference of Longitude, For by theſe two Right-an- 
gled Triangles, with one Perpendicular common to both, 
is conſtituted the Oblique Triangle ACD, in which the 
Angle DAC is the Courſe, and its oppoſite Side DC is 
the Difference of Longitude, and the Angle ADC is the 
Complement of Middle Latitude, and its oppoſite Side. 
AC is the Diſtance ; and hence it muſt needs follow by. 
the known Proportion of Sides to their oppoſite Angles, 
and the contrary, that as Sine of ADC, is to AC; ſo is 
Sine of DAC, to DC: Therefore, as Sine Complement 
of Middle Latitude, is to the Diſtance ; ſo is the Sine 
of the Courſe, to the Difference of Longitude, 
Theſe Methods of projecting Middle Latitude being 
the moſt demonſtrative Proofs of the Analogies or Pro- 
portions generally made Uſe of in the Trigonometrical 
or Arithmetical Calculation thereof, and therefore the 
moſt uſeful, I ſhall add one or two more, although 
there are almoſt infinite Methods for doing it; as one 
Way that is commonly uſed by Semicircle, a Way very 
much in Practice, of which I ſhall inſtance in the fore- 
going Caſe. A Ship fails from Latitude god. om. 
North, and fails N. W. by N. 987 Miles; I demand 
the Latitude come to, with Departure and Difference 
of Longitude. 3%; 
With the Chord of 60, and one Foot in H, draw the 
. Semicircle AE, and at one End thereof, as 
Fig. 46. at A, make an Angle of 33d. 45m. the Courſe 
given, and lay down the Triangle ABC, with 
the Courſe and Diſtance, as in Plane Sailing; and having 
found the Middle Latitude, which in this Queſtion is 
56d. 51m. Set off the Chord thereof both Ways, from 
Mito I and K, and draw I K to cut H M in L; then 
1 ſet the Diſtance L M from A to D, and from B to E, 
| and continue the Line M H till it cut the Line AC as 
| in N; then from E erect the Perpendicular E G, and 
from D through N draw DG to cut EG in &; then is 
E.G the Difference of Longitude, B C the Departure, 
1 AC the Diſtance, AB the Difference of Latitude, and 
. the Angle CAB the Courſe. 5 
g | 5, | Another 
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Another Projection of the ſame Queſtion. 


With the given Courſe and Diftance lay down the Tri- 
angle ABC, as in Plane Sailing, Caſe I. and 
Fig. 47. hawing found the Middle Latitude, as before, 

ſet off the Sine of the Complement of Middle 

Latitude upon the Line AB, from A to D, and ſweep 

the Arch DE, then with the Departure BC in your Com- 

Paſſes, and one Foot in D, extend the other along the 

Arch DE to E; and draw the Line DE equal to BC, 

and through E draw AE continued: and then with the 

Sine of go, and one Foot in A, draw the Arch GH, till 

it cut the Line AE continued in H, and draw the Line 

GH, which meaſured on the ſame equal Parts from 

which the reft were projected, gives the Longitude 

required, Lon - VVV 

Theſe four Methods are ſufficient to entertain the Rea- 
der with Variety; and I ſuppoſe it altogether needleſs 
to inſtance in any more Caſes ; it being very eaſy, from 

what is given in any other Caſe, whether both Lati- 
tudes and Courſe, or both Latitude and Difference of 
| Longitude, c. to make the ſame Projection, as a little 
Practice will make evident. N 


1 
CHA P. II. 


Mavigation Trigonometrical. 
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SRECT L- | 
PLANE TRIGONOME TRY. 


N the Solution of all Plane Triangles, whether right 
angled or oblique, there are always Three Things 
given to find a fourth, ſuppoſing the Radius in right- 
angled Triangles to be always given or known; which 
three given Terms are always the firſt in the Proportion, 
and the required Term is always the fourth or laſt; and 
they are always to be placed in ſuch an Order, that the 
Proportion may be, as the firſt Term is to the ſecond g 
ſo the third, to the fourth. And before the adnurable 
Invention of Logarithms, the Method was, as in other 
Caſes in the Rule of Three to multiply the two laſt 
Numbers by each other, and divide the Product by 
the firſt Number, and the Quotient was the Anſwer to 
the Queſtion; but by the Help of Logarithms the 
Work is much facilitated : For having ſet down the 
Numbers in their proper Order, and their Logarithms 
againſt them, as you ſee in the following Examples in 
Plane Sailing, you have no more to do, but add the 
two laſt Logarithms of the three that are given, and 
from their Sum ſubtract the firſt, the Remainder is the 
Logarithm of the fourth Number required. And again, 
obſerve in any three given Terms, where the Radius 
is the firſt Term, you need but add the two laſt toge- 
ther, and from the Sum abate one towards the Left- 
hand, and the Remainder is the Logarithm of the fourth 
Number required. But if Radius be the ſecond or 
third Term, place one on the Léft-hand of the ſaid 
third or ſecond Term, not Radius, and from that Sum 
_4-hSeract che firſt Pe-. h. Der we Logaritchm 


of 
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of the fourth Term required. But if none of the Terms 
be Radius, as it frequently happens in Oblique Plane 
Triangles, but that every Term be the Logarithm, 
Sine or Tangent of ſome intermediate Degree or Num- 
ber, then inſtead of the Logarithm of the firſt Term, 

whether Number, Sine, or Tangent, &c. take its Com- 
plement Arithmetical, which is done thus: Begin at 
the Left-hand, and ſubtract each Number from q, and 
ſer down the Remainder, till you come at the Figure 
next the Right-hand, which ſubtract from 10, and ſet 
down the Remainder as before. This Number thus 
found is called the Complement Arithmetical of the 
Logarithm from whence it was taken, and is to be jet 
down againſt the firſt Term, inſtead of the Logarithm 
itſelf, and the Logarithm of the ſecond and third Terms 
in their proper Order under it ; which being done, add 
up all the three Sums together, and from their Sum 
ſubtract the Radius or 10 towards the Left-hand, the 
Remainder is the Logarithm of the fourth Term ſought, 


Plane Trigonometry right-angled. 


CASE. I. 5 ſypotenuſe and one Acute Angle given (conſe- 
quently both) to find a Leg. See Plane Trigonometry 
Geometrical, Caſe I. 


{ Hypotenule - — £550 Required AB 
The Angle at A — 35d. om. and BC. 

1. Making the Hypotenuſe the Radius, the Leg BC 
is the Sine of the Angle at A, and the Leg AB is the 
Sine Complement of the ſaid Angle by the Explanation 
of Axiom the firſt, therefore the Proportion is, as Ra- 
dius is to the Hypotenuſe; ſo is the Sine e N 
of the Angle at A, to the Leg AB. 

Again, As the Radius, to the Hypotenuſe ; ; "Y is the 
Sine of the Angle at A, to Leg BC. 

2. Making the Baſe Radius, the Pvendicular BC is 
the Tangent « of the Angle at the Baſe, and the Hypo- 
renuſe the Secant of the ſaid Angle. By Explanation 


Given 


of Axiom the firſt, therefore the Proportion is, As the 


Secant 
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Secant of the Angle at A, is to the Hypotenuſe, ſo is 
the Radius, to the Leg AB. 

Again, As the Secant of the Angle at A, to the Hy- 
potenuſe; ſo is the Tangent of the ſaid Angle at A, to 
the Leg BEW. 

Note, Making the Perpendicular Radius, is the ſame 
as making the Baſe Radius, the Hypotenuſe ſtill conti- 
nuing to be a Secant. - 

In this Part I have purpoſely omitted the Operations 
by Logarithms, they being inſerted at large in Plane 
and Mercator's Sailing, which is the Application of Plane 
Trigonometry to Navigation; but the Things given => 
required are the ſame in both. For whereas in Caſe I 
of Plane Trigonometry Right-angled, there is given the 
Angles and Hypotenuſe to find a Leg, ſo in Plane Sailing, 
Caje I. there is given the Courſe (which is the Angle at 
the * and conſequently its Complement (the other 
acute Angle (and the Diſtance (which is the Hypotenuſe) 
to find either Leg orboth (which are Difference of La- 


titude and e (and the Rules for Calculation are 
the fame. | 


CASE II. Glow the Angle at A, ant a is AB, to fad 
the Hypotensſe. Sce Plane T nmel Geometrical, 
Caſe II. 


3 Making the Hypotenuſe Radius, the given Leg 
uill be the Sine Complement of the Angle at A by the 
Explanation of Axiom the firſt; therefore, As the Sine 
Complement of the Angle at A is to the Baſe; fois Ra- 
dius, to the Hypotenuſe. 

2. Making the Baſe Radius, the Hypotenuſe is Secant 
of the Angle at A; therefore, as Radius is to the Baſe; 
ſo is the Secant of the Angle at A, to the Hypotenuſe. 


CASE III. Given the Anzles and a Leg, to find the other 
Leg. Given the Leg AB, as before, required the Leg BC. 


Note, Each Caſe here always refers to the ſame Caſe 
in Plaue Trigonometry Geometrical, both in Right-angled 
and Oblique, I. Making 
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15 Making the Hypotenuſe Radius, the given Leg 
is Sine Complement of the Angle at A, and the required 
Leg BC is the Sine of the ſame Angle; therefore, as 


Sine Complement of the Angle at A, is to Leg AB; ſo 


is the Sine of the Angle at A, to Leg BC. 

2. Making the Baſe Radius, the Leg BC is the Tan- 
gent of the Angle at A; therefore, as Radius is to the 
Leg BA; ſo is the Tangent of the Angle at A, to che 
Leg BC. 

; "wag Both theſe Caſes, the ſecond and third, are 
contained in Caſe II. of Plane Sailing, where the Angles 

and a Leg (viz. Courſe and Difference of Latitude) are 
given, to find the Diſtance (which is the Hypotenuſe) 
by Caſe ſecond, and the other Leg (which is the De- 
parture) by Caſe the third. They are alfo both com- 
prehended under the third Caſe of Plane Sailing, there 


| being alſo the Angles and a Leg given, viz. Courſe and 
Departure, to find Diſtance and | Difference of Latitude, 


ASE IV. Given the Hypotenuſe and a Leg, to find an 


Angle. Given Hypotenuſe AC and Leg AB, required BAC. 


1. Making the Hypotenuſe Radius, the Leg AB will 


be the Sine Complement of the required Angle, there- 


fore, as the Hypotenuſe, is to Radius; fo is the Leg 


AB, to Sine Complement of the Angle at KA. 
23. Making the Baſe Radius, the Hypotenuſe is ie 
Secant of the Angle at A, therefore as the Baſe AB, 


to Radius; ſo the Hypotenule Als is to the Secant of 


the Angle at A. 


CASE V. Given the cial and a Leg, to fad 1 the 


other Leg. Given AC and AB, required BC. 


7 Making the Hypotenuſe Radius, the required 


Leg BC is the Sine of the Angle at A; therefore having 
found the Angle as A by Cale the fourth, the Proporti- 
on is, as Radius is to Hypotenuſe; ſo is the Sine of the 

Angle at A, to the Leg BC required. 1 8 
D 4 >. Making 
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2. Making the Baſe Radius, the required Leg BC is 
the Tangent of the Angle at A, therefore having found 
the Angle at A, as before, the Proportion is, as Radius, 
to the Baſe, ſo is the Tarigent of the Arigle at A, to 


Leg BC required. 


Theſe two Caſes are jointly comprehended in the 
fourth and fifth Caſes of Plane Sailing, in each of which 
there 1s given the Hypotenuſe and a Leg, to find the 
other Leg and the Angles. 8 
Note, It is uſual, in moſt Caſes in Plane Sailing, to 
work after the Method here delivered, making the Hy- 
potenuſe Radius, becauſe that Way of ſtating brings it 
under that known Proportion of oppoſite Sides to op- 
polite Angles. | 


: CASE VI. ie Legs given to find the Angles. Given : 


BA and BC, required BAC. 
Note, When a Side is required, any Side may be 


made Radius but to find an Angle, a given Side muſt 
be made Radius; and here being obliged to find an An- 


ple before we can find the Hypotenuſe, we ſhall make 
the Leg AB Radius, and then BC is the Tangent of 


the Angle at A. Therefore as AB, is to Radius; fo 
is BC, to the Tangent of the Angle at A required. 


„ CASE Vn. Given the Legs, to find the Hypotenuſe. 


Given AB and BC, to find AC. 


Firſt, Find the Angle at A as before, and then, 

1. Making the Hypotenuſe Radius, the Baſe AB is 
the Sine Complement, and the Perpendicular BC is the 
Sine of the Angle at A; therefore, as Sine Complement 
of the Angle at A, is to the Baſe AB; fo is the Radius, 


10 the Hypotenuſe AC required. Or, as Sine of the 
Angle at A, is to the Leg BC; ſo is Radius to the Hy- 


Potenuſe required. „ | 
2. Making Baſe Radius, and habing found the An- 
gle at A, it is, as Radius, is to the Baſe; fo is the Se- 

vant of the Angle at A, to the Hypotenuſe. 
oy 'Theſe 
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Theſe two Caſes are both contained under the ſixth 
Caſe of Plane Sailing; and if you carefully obſerve the 
Rules laid down in the Beginning of Plane Sailing Geo- 
metrical, about the Application of Plane Triangles to 
Queſtions in Navigation, the Connection betwen them 

vill appear ſo plain, and the Directions given in one will 
be ſo plain and pertinent in the other, that there needs no 
more to be ſaid to inſtruct the Reader as to the Solution 

of the Right - angled Plane Triangles. 


— 4 — — 


— 


SECT. IL 
0 Obli que Plane Triangles. 
Y Shall be a little more particular in this Section of 


Oblique Triangles, becauſe we have them not an- 
ſwered numerically elſewhere in this Book, except in 


ſome Queſtions at the latter End. 


CASEI Two Angles and a Side oppoſite to one of them 
| given, to find the Side oppoſite to the nther. Fig. 12. 


115 Angle at A . 30d. om. Required PR : 


Given 


) The Angle at B — 45d. om. 8 
The Side BC — 290 Side AC. 


By Axiom the Second. | 
As Sine of A —— —— 30d. om. Co. Ar. 0.30102 


To Side oppoſite BC 290 2.40239 
So Sine of B — —— 45 oo. 9.84948 


To Side oppoſite AC required 410 — 2.61290 
Note, Here being no Radius in this Proportion, I 
have taken the Complement Arithmetical of the firſt 
Logatithm, and added all the three Sums together, o- 
mitting one to the Left-Hand, according to the Direc- 
tions in the Beginning hereof, Ea 


CASE 


As he Sine of B 
To Side . AC — 410 — 2.6127 
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CASE II. Two Sides and one Angle oppoſite to one * 
them given, to find the Side oppoſite to the other. Fig. 13, 


The Side AB — 560 
Given 


The Side AC — 410 Required theAngle at C. 
The Angle B 45d. om.“ ae 


By Axiom the Second. 
5 '* BP. of 
As Side AC — 410 — 7.38722 
To Sine of the An — oppolite 45 — 9.84948 
So Side AB 560 — 2.74818 


— 


To Sine of the Angle * 74d 58m. — 9.98488 


Note, This Anſwer is ambiguous, and therefore it is 
neceſſary firſt to know whether the Angle ſought be a- 


cute or obtuſe, which if acute, it is 74d. 38m. but if 


obtuſe, it is found by ſubtracting 74d. 58m. from 180, 


the Remainder 103d. 2m. is the obtuſe Angle required. 


CASE III. Given two - 1 and an Angle oppoſite to 
one of them, to find the third Side. Fl Ig. 1 3. 


. The Side AB — 560 
| Ginn 


The Side AC — 410 (Requires the Side BC | 
The Angle at B4 5d.om. 


Find the Angle at C, as in Caſe II, which, if ſuppoſed 


acute, is 74d. 58m. then the two Angles B and C being 


given, the third is found by Subtraction to be 60d. 2m. 

hen by Axiom the ſecond. 
d. m. Co. Ar. 

$6 0 — O.15052 


So Sine of A 


— — -_9:93707 


To Side pete” — — £502 — 2. 70097 5 


But if the Angle at C had been ſuppoſed obtuſe, viz, 
1 2m. the Angle at A would have been 29d. 38m. 


and then the Operation is, 


4 
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| d. m. 
As Sine of B —— — 45 o Co. Ar. 0.1502 
To Side oppoſite AC 410 — 2.61278 


To Sine of A — — 29 58 — 9.69852 


5 To Side oppoſite BCC — 290 — 2.461 83 
CASE IV. Given Two Sides and a contained Angle, 10 
Fuad either of the other Angles. Fig. 14. | 
: The Side AC — 410 3 
Givend The Side AB — 560 & Required the * 
| (The Angle A 30d. om. wy 
By Axiom the third. 


As Sum of the given Sides — 970 Co. Ar. 7.01323 
To their Difference — 150 — 2.1760g 
So Tangent of half Sum of _ oh aero 


ID known Angles X 


o 


To Tang. of half their Difference 29 59 — 9.761 26 
The Sum is the greater Angle C —— 104d. 509m. 
So Difference is the leſſer Angle B — 45 1 


C ASE V. Two Sides and a contained Angle given, to find | 
the third Side. Fig. 15, 
(The Side AC — 410 3 3 
Given The Side AB — 560 Required the Side BC. 
(The Angle A 3od. om.) To 


Find the Angle B by Caſe IV. viz. 45d. 1m. Then, 

5 „ = 
As the Sine of B ——— 45 1 Co. Ar. 0.15039 
To the Side oppoſite AC — 410 —— 2.61278 
So Sineof A —y —— 30 — 9.69897 


— 


To Side oppoſite BO ——— 290 — 2.46214 


CASE 


3 
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CASE VI. Three Sides given, to find an Angle. Fig. 15. 


The Side AC 410 
Given 


The Side CB 290 Required the Angle at A. 
| The Side AB 560 


Let fall a Perpendicular "BER C the greateſt Angie 


| upon AB the greateſt Side, by Axiom the fourth. 


Co. Ar. 


As the fab AB © , 6560 — 7.25182 


To = = ol (we Sides AC 41 0,— JO 2.84509 
do the Difference of the ſaid Sides — 120 — are. 


To the Difference of the — "RO 
of the Baſe AD = — ee e Arc 
The half Difference 75, added to half the Baſe 280, 


the Sum 355 is the Baſe AE. 


The half Difference 75, ſubtracted from half the Baſe 


280, the Difference 205 is the Baſe EB. 


Then in the Right-angled Triangle AEC is given AE 
35553 AC 410, to find the Angle A. 


Co. Are | 


At AC — — — 410 — 2.61278 
To Radius ———— —— god. om. 10.00000 
So AE 


— 355 — 2.55022 


— 


To Sine 8 of the Angle at A 30 FRY 9.93744 
After the ſame Manner you may find the Angle E. 


— 
— 


er Wt: 
Plane Sailing Trigonometrical. 


Ages, the Method here propoſed he new and 
ſhort without the Trouble of Logarithms, Sines, 


Tangents and Secants; yet I ſhall by the Way ſet down 
„„ an 
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an Example or two in every Caſe, both in Plane Sailing 
and Mercator, according to the old and common Me- 
thod, partly for the Help of thoſe, who either through 
Negligence or Want of Opportunity to practiſe, have 
forgot at Sea what they have learned at School; but 
chiefly, that in all the Examples wrought by the new 
Way; I may refer to thoſe wrought by the old Way, 
that ſo the Reader may ſeeing the exact Harmony and 
Concord which 1s between them, may (to his great Sa- 
tisfaction) be convinced of the Verity and Infallibility 
of this new Method, equal to the beſt for Truth and 
Certainty, and ſuperior to all for Expedition and Rear 
dineſs. 


Plane Sailing. 


CASEIL. | Courſe and Diſtance given, to Sad Difference 
„„ of Latitude, and Departure. | 


A Ship fails N. W. by N. 123 Miles ; I demand Dit- 
ference of Latitude and Departure. 


1 For the Difference of Latitude. 


ä 


As Radius — — 90 00 — 10.0000 
To the Diſtance ſailed 123 — 2.08990 


So Sine Comp. of the Courſe — 56 15 — 9 9198; 


— 


To the Difference of Latitude — 1 022 — 2.00975 


Far the Departure 
5 . . Mee 
enen, eee: 90 OO — 10.00000 


To Diſtance ſailed — 123 — 2.08990 
To Sine of the wetland — 35 2 9.74474 


To Departure 1 hs 68 — 1. 83464 
/ixample 2. A Ihip fails South 25 Degrees Eaſterly 
96 Miles, I dem and the Difference of Lat: rude and De- 
Are, 


bh 
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For the — of Latitude. 


d. m. 


As Radius — 90 oo 


To Diſtance failed —— —— 96 
So Sine Comp. of Courſe —— * oo 


To Diff, of Latitude — —— 87 
For the . 


As R-dius — 


To Diſtance failed ——— 96 


d. m: 


— 1.93955 


— 10.00000 © 


— 1.98227 
m 


So Sine of the Courſe ——— 25 oO 


S ⁰ 1 


To Departure 1 — 5 10 

CASE II. Courſe and Difference of Latitude given, to | 
find Diftance and Departure. 

A Ship fails S. W. by S. till her Difference of Lati- 


tude be 174 Miles; 1 demand her Diſtance and De- 3 


Parture. 
For the Diſtance. 

3 | . . 
As Sine Comp. of Courſe - 56 115 — 9.91985 
To Difference of Latitude — 174 — 2.24055 
So Radius 9o oo — 10.00000 
To the Diſtance — 209 — 2.32070 


For the Departure. 
As Sine Comp. of Courſe — 56 15 — o. 0805 
To Difference of Latitude 174 — 2.24088 
So Sine of the Courſe — 33 45 — 9. 74474 


To Departure 116 — 2. 06544 
Example 2. A Ship ſails North 38 Degrees Weſterly, 
till ſhe raiſe the Pole 2 Degrees: I demand how far ſhe 
hath failed, and how much ſhe is departed from her firſt 
Meridian. 
T he 2 Degrees of Latinuds reducedi into Miles, is 120 
Miles, Then for the Diſtance. | A 


So Radius 
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As Sine Comp. of Courſe — 52 oo — 9.89653 
To Difference of Latitude 120 — 2.07918 
So Radius — 20 o — io. oooco 
To the Diſtance — 152 — 2.7 8265 
For the Departure. . 
„ . Co. Ar. 


As Sine Comp. of Courſe — 52 00 — 0 10347 
To Difference of Latitude — 120 — 2.07918 
So Sine of the Courſe—— 38 oo — 9.78934 


To Departures = =—— — 94 — 1.97199 


CASE III. Courſe and Departure given, to find Diftance 
and Difference of Latitude. 


A Ship fails S.E. by S. till her Departure be 103 
Miles; I demand her Diſtance and Difference of Lati- 
_ tude. 
For the Diſtance 
. 
— 33 45 — 974474 
— 103 — 2.01284 
— 5 OO — 10.00000 


As Sine of the Courſe 
To Departure —— 


2 — es. 
— 


To the Diſtance — — 18; — 2.268 10 
Fir the Difference of Latitnde. © 
e * Co. Ar. 


FR Sine of the Courſe — 33 45, — 0.25526 
To Departure — — 103 — 2.01284 


| 80 Sine Comp. of Courſe » — 56. 15 _ 991934 


To Difference of Latitude — 134 — 2. 18794 


Example 2. A Skip fails North 19 Deg. 41 Min. 
Eaſterly, which is NNE. 4 Northerly, till her Departure 
be 72 Miles; her Diſtance and Difference of Latitude 


is Wel. , BE 


'As th Diſtance 


| To the Diſtance — 


To Departures —— — 
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For the Diſtance. 1 


d. m. 
As Sine of the Court — "0 41 — 9g.52739 
To Departure 72 — 1.85733 
„ ͤĩ˙Ü¹ - — go 09 10.0000 
To the Diſtancte—— — 214 — 2.32994 
For the Difference of Latitude. | 
| 8 d. m. Co. Ar. 
As Sine of the Courſe 19 41 — 0.47260 
To Departure 


— x. 
So Sine Comp. of Courſe — 70 19 — 


To Difference of Latitude — 201 — 2.30378 


CAS E V. Diftance and Difference of Latitude given, 
to find Courſe and Departure. 


"A Ship fails between the North and Eaſt 110 Miles, 


and then finds by Obſervation that ſhe hath raiſed the 


Dole one Degree; I demand the Courſe and Departure. 
The Difference of Latitude reduced to Miles or Mi- | 


| nutes is 60. 


Then for the Cooſe. 


110 — 2.04139 
god oom. — 10.00000 
60 — 1.77815 


To Rodiis moo 
So Difference of Latitude 


To Sine Comp. of Courſe = 33 o3 — 9.73676 
So that the Courſe is N.E. by E. neareft, or N. E. by 


E. 42 Min. * 


For Departure. 


33ͤö;õ ͥ́ʃr['vr 
— — 90 CO. e I 0.00000 
410 — 2 04139 
— 56 57 — 9.92334 
92 — 1.96473 
Example 


As Radios - 


So Sine of Courſe — 
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Example the Second. 

A Ship fails between the North and Eaſt, till her 

Difference of Latitude be 103 Miles, and then is diſtant 


from the Place ſhe ſail'd 117 Miles, her Courſe and De- 
parture is required. 


1 For the Conſe The 
As the Diſtance —— — 117 — 2.06818 
To Radius —— god. oom.— 10.00000 
Sd Difference of Latitude —— 103 — 2.01284 


To Sine Comp. Courſe — 61 41 — 9.94466 


For the Departure. 
3 . 
As Radius — 90 o — 10.00000 
To the Diſtance — 117 — 2.068 
So Sine of the Courſe— 28 19 — 9.67609 


dn; „ ĩͤ 


| The Courſe is N. N. E ſomewhat more than half a Point 
| Eaſterly, and the Departure 553 Miles. 


CASE V. Diſtance and Departure given, to fud Courſe, 
and Difference of Latilus. 


A Ship ſails between the South and Weſt 124 Niles, 
her Departure 95 Miles: I demand the Courſe and 
Difference of Latitude, | 


For the Courſe. 


To Radius — 2 god. oom. — 10.00000 
So Departure — — 98 — 1.97772 


— — 


To Sine of the Cour — 50 oo — 9.88430 


—— 


CVVM ITD ” 


To Difference of Latitude 
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For the Difference of Latitude. 


| ; d. m. 
As Radius  —— — 90 OO — 10.00000 
To the Diſtance -— — 124 — 2.09342 


So Sine Comp. of Courſe —— 40 0 — 9. 80806 


_—_ 


To Difference of the Latitude — 80 — 1.90148 


The Courſe is S. W. half Point Weſterly, o or 41 Points 
neareſt, the Difference of Latitude 80 Miles. 


Example the Second. 
A Ship ſails North Eaſterly 100 Miles; till her De- 


parture be 38 Miles, her Courſe and Difference of La- 


titude is required. 
For the Courſe. 


As the Diſtance — — TO) — 2.00000 
To Radius — | god. com. — 10.00000 
So the Departure my — 38 — 1.57978 


: f 


' To Sine of the Courſe — 22 20 — 9.87978 


Fur the Differ ence of Latitude. 


As Radius —— — god. oom. 10.00000 


To the Diſtance — — 100 — 2.00000 
So Sine Comp. of Courſe —— 67 40 — 9.96613 


921 — 1.96613 
The Courſe N. N. E. fee; and the Difference of Lati- 
tude 92 1. 


C A SE VI. Difference of Latitude and Departure. given, ; 
to find Courſe and Diſtance. 


A Ship ſails between the North and Weſt, till her 


Difference of Latitude be 220 Min. and Departure 108 


Min. or Miles; I demand the Courſe and Diſtance, 
For 
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For the Courſe. 
As Difference of Latirude —— 220 — 2.34242 
To Radius —— —— god. oom. — 10.00000 


So Departure — 108 — 2. 03342 


* — 


To Tangent of the Courſe — 26 9 — 2 69100 
For the Diſtance. 


As Sine of the Courſe —— 264. gm. — 9.64416 
To Departure | 108 —— 2.03342 
So Radius K 0 — 6.00006 


— — 


Io the Diſtance 8 245 — 2.38926 


The Courſe N N. W. ſomewhat more than 2 Weſterly, 
the Diſtance 245 Miles. | 


Example the Second. 
A Ship ſails between the South ad Weſt, until her 


Difference of Latitude be 309 Min. and Departure 206 
Min. I demand the Courſe and Diſtance. : 


For the Courſe. 
As Diff. of Latitude — — 309 — 2.48998 
To Radius god. oom. — 1. ooοο 
To Departure — 206 — 3 386 
: To Tangent of the Courſe 33 41 — 9.5 82 391 


For the Diſtance. 


As Sine of "I Cousſe — 33d. 41m. — 9.74398 
To the Departure w—— 206 —— 2.31386 
So Radius ——— — S 90 OO — 10,00000 


— — 


10 the Diſtance — — 371 — 2.56988 
2 The 


— . — 
- — ; * 
— 7 * 
— 8 = 
E 2 ren 
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The Courſe S. W. by S. fere, the Diſtance 371 Miles. 


Thus have I ſet down two Examples in every Caſe of 
Plane Sailing, according to the old and common Way of 
working by Logarithms, Sines, and Tangents, having 
obſerved in the three firſt Caſes where the Courſeis given, 


to ſet one Queſtion with the Courſe given in Points of 


the Compaſs at N. W. by N. Sc. and another with the 
Courſe given in Degrees, as South 25 Degrees Eaſterly, 


Sc. intending in the Sequel hereof, to proceed to ſhew 


the Reader how to anſwer all the ſame Queſtions, (where 
the Courſe is either given or required) in Points, Half- 
points, or Quarter- points of the Compaſs, without any 
Canon, Scale or Compaſſes, only by two Tables, each 
of which (or both if Need require) might be contain'd 


in one Page hereof; which Table you have at the Be- 


ginning of the ſecond Part of this Book; by which Ta- 
bles only you may work all the Caſes in Plane-Sailing. 


and keep a Journal by that Way, without a Traverſe 


Table, or the voluminous Tables of Logarithms, Sines, 
Tangents, Sc. which fill up the far greater Part of 
ſome of our Epitomies of Navigation now in Print: 
You may alſo by the ſame, and a Table of Meridional 


Parts, work all the Caſes in Mercator; and keep a 


Reckoning throughout all the World; and not only ſo, 


but that the Work may juſtly deſerve the Title of a New + 
Method, I ſhall add ſome Rules teaching how to work 


any Queſtion in Plane Trigonometry, or Navigation, 
only by the Pen or a Piece of Chalk, without any Geo- 
metrical Proſection by Scale and Compaſſes, or Arith- 


metical Calculation by Sines and Tangents ; fo that if 


at Sea you have loſt all Books and Inſtruments, or if a 
Shore you be in Company where you have no Books 
nor Inſtruments preſent, you ſhall work any Queſtion 
as eaſily as a Queſtion in Common Arithmetic, a Thing 
never yet known, nor publiſh'd by any : But I ſhall now 
proceed to pre poſe an Example, or two, in the ſeveral 
Caſes of, 5 
SEC T. 


T9 T 
SECT. Iv. 


| Mercator's Sailing Trigonometrical. 


CASE I. One Latitude, Courſe and Diſtance given, 10 
Fund the other Latitude, and Difference of Longitude. 


N this, and the other Caſes, we ſhall have Occaſion to 
1 make Uſe of the Meridional Difference of Latitude; 
for the finding of which, obſerve, if two Places (whoſe 
| Meridional Difference of Latitude you ſeek) be both in 
North Latitude, or both in South Latitude, ſubtract the 
 Meridional Parts of the leſſer Latitude, from the Meri- 
dional Parts of the greater Latitude, the Remainder is 
the Meridional Difference of Latitude; but if one be in 
North. Latitude, and the other in South, add the Me- 
ridional Parts of both Latitudes together, the Sum is 
the Meridional Difference of Latitude ; the following 
Examples will make it plain. 
A Ship in Latitude of god. oom. North, fails N.W. 
by N. 987 Miles; I demand the Latitude come to, as 
alſo the Difference of Longitude. : 


As Radius — — god. oom. 


—— 10.0000 
To the Diſtance — —— 987 —— 2 99432 
So Sine Compl, of Courſe — 56 I5 — 9. 91984 
To proper Diff. of Lat. — 820 —— 2 91416 


The Difference of Latitude ts min. divided by 60, 
0 bring it into Degrees, is 1 3d. 40m. which added to 50 
g. (becauſe the Ship ſails towards the Pole, and in- 


— her Latitude) the Sum 6 3d. 40m. is the Latitude 


come to. Then to find the Meridional Difference of La- 
titude between Lat. 03d. 40m. and Lat. 50d. 


E 2 Meridional 


As Radius 
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Meridional Parts for Lat. 63d. 4om. —— 4994 
Meridional Parts for Lat. e mg 3475 


Subt. one from bother, reſts Merid. Diff. E 1519 


7, ben for the Difference of Longit ade. 


d. m. 


— 0 00 — 10.00000 
To Merid. Diff. of Latitude —* 15:9 — 2.18155 


So Tangent of the Courſe — 33 45 E 82489 


To Difference of Longitude — 10925 — F 


The Latit ude come to is 624. zom. and Diff. Longi- 
tude 101 gm. which divided by 50, 1s 16d. 55m. Weſt 5 
Longitude, becauſe the Courie is Weſterly. 


CA SE II. Both Latitudes and Courſe given, to * the 


Diſtance and Difference of Longitude. 


A Ship ſails from a Port in Latitude 56d. 2 gm. N. 
and Longitude 14d. 12m. W. and fails away N. N. W. 
ſeveral Days, and then finds herſelf by Obſervation to 


be in Latitude 68d. 30m. I demand how far ſhe hath. 
failed, and what is her Difference of OS 


. 
Meridional Parts for 68 30 3 5712 : 
 Meridional Parts for „ 41 19 
Meridional Difference of Lat. 5 


Proper Difference of Latitude — 12 05, 07 — 725. 


Then for the Diſtance. 
. . 
As 1 Ca of Courſe — 22 30 — 9.99561 
To proper Diff. of Latitude — 725 — 2.86033 
So Radius — 93 "00 —— 10 00000. 
To the Diſtance — — 783 — 2.89472 


For 
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For the Difference of Longitude. 
85 1 „ 
As Radius — 90 oo 10.00000 
To Meridian Diff. Latitude — 1593 3.40221 


So Tangent of the Courſe — 22 30 
To Diff. of Longitude — 660 


9.61722 


1 1 || 


The Diſtance is 785 Miles, or 262 Leagues almoſt, 


and the Difference of Longitude is 660 Min. or 41 De- 
grees Eaſt, which added to 4d. 12m. the Longitude 


ſailed from, the Sum 25d. 12m. is the Longitude the 


Ship is in, which being found, find in a Mercator's 
Chart the Longitude ſo found, and the | atitude by Ob- 
ſervation 68d. 30m. and chat is the Point in the Chart 
that your Ship 1s 1n. 


1 CASE III. Ore Lanka Courſe, and Difference of Len- 


Citude given, 10 find the other Latitude and Diſtance. 


A Ship in Latitude go, fails N. N. W. till her. 
rence of Longitude be 7 Degrees, or 420 Min. 
mand the other Latitude and Diſtance. 


1 de- 


For tbe other Latitude. 


>. W. 
As Tangent of the Courſe — 22 3o — 9.61922 


To Difference of Longitnde — 420 — 2.62324 
— 90 00 - 1000000 


| | So Radius 


a 


: To Meridian Di. Latitude — 04 4 00602 


| Merid. Parts anſwering to . 50d. oom. — 3475 
Ee which add Meridional Diff. Lat. 


—— —Uü——— 


The Sum — 


ſwers to 59d. 40m. the Latitude come to. 


E 4 Then 


1014 


— 49 
Which found in the Table - Meridional 3 an- 


, " — a , : 
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Then for the Diſtance. 


' 
As Sine Comp. of Courſe —— 67 20 — 9. 96567 


"Tu proper Diff. of Latitude —— 380 — 2.76343 


So Radius — — 90 OO — 10.00000 


To the Diſtance 


The Latitude come into is 59d. 40m. che Diſtance 
628 Miles. 


( * 


628 2.79782 


CAS E IV. Both Latitudes and Diſtance given, to find 


the Courſe and Difference of Longitude. 


A Ship | in Latitude 50d. oom. N. fails 3505 Miles, 
and then is found by Obſervation to be in Latitude 13d. 
12m. North, I demand her Courſe, and Bi ende of 
Longitude. 

The proper Difference of Latitude is found by ſub- 


tracting the leſſer Latitude from the greater, the Re- 


mainder is the Difference of Latitude in Degrees and 
Minutes, which multiplied by 60, gives the Difference 
of Latitude 1 in Miles, 


Example. 
Greater Latitude — pod. oom.] 36 48 
Leſſer Latitude — 13 12 % 0 
Remains 36 408: 2208 proper Diff. Lat, 


Dy i © 
Meridional Parts for Latitude — 50 00 — 3475 


Meridional Parts for Latitude - — 7 7. 


Meridional Difference af Tat: - mms —_ 2676 
Proper Difference of Latitude om 2208 


For 
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For the Courſe. 


Io che Diſtance — —— 3505 — 304469 
To Radius — 90 0 — 10. ooo 
So proper Diff. of Lat. 2208 — 3.34400 


— —— — 


To Sine Comp. of Courſe — 39 03 — 9.79931 
For the Difference of Longitude, 


As Radius —— — 90 OO —— 10.00000 
To the Meridional Diff. of Lat. 2676 — 3.42749 
So Tangent of the Courſe — 50 57 — 10.09086 


To Diff. of Longitude — 3298 — 3.51835 


In the four foregoing Caſes I have purpoſely omitted 
the Canons for finding the Departure, it being ſuffici- 
| ently taught in the Caſes of Plane-Sailing; and the 
Canons for finding it are exactly the ſame in both, ac- 
cording to what is given. Nevertheleſs in all the fol- 
lowing Caſes (except the 6th) the Departure 1s given, 
and therefore I ſhall make it one neceſſary Term in each 
of the enſuing Caſes. And when we come to the prac- 
tical Part, viz. the keeping of a Journal, I ſhall lay 
down ſome eaſy and compendious Ways for reducing 
Departure to Difference of Longitude, both by Mer- 
cator and Middle Latitude, without any Canon. 


CASE V. Both Latitudes and Departure given, to find 
Courſe, Diſtance, and Difference of Longituds, 


Aship departs from Latitude 55d. oom N. and fails 
between the North and Eaſt into Latitude 56d. 1om. N. 
her Departure 50 Min. or Miles; I demand the Courſe 
ſteered, the Diſtance ſail'd, and the Difference of Lon- 


— 


For 
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For the Courſe. 
As proper Diff. of Latitude 70 
To Radius 90 OO 
So Departure — 50 


To Tang. of the Courſe — 35 32 
For the Diſtance. 


As Sine of the Courſe 
To Departure 
So Radius 


d. m. 
35 32 — 9.76430 


— 1.84509 
— 10.00000 
— 1.69897 
— 9.85358 


1.697890 


—— 90 00 1 85 10.0000 © | 


＋ 22 ˙ Gu : 


To che Diſtance — — 86 — 1.93467 


FP Radius 
To Meri dional Diff. of Lat. 
So Tangent of the Courſe — 


To Difference of Longitude 


Or, which is the ſame. 


For the Difference of Longitude. , 
| — 90 00 — 10.0c000 
— 124 — 
— 35. 32 — 9.3380 


2.00 342 


— — 


89 fere — 1.94722 


As proper Difference of Latitude — 70 Co. Ar. 8. 1 5499 


To Meridional Difference au. 1 24 


So Departure 


To Difference of Longitude 


2.09342 
1.69897 


— 2 — 


8 1.94738 


CASE VI. Both Latitudes and Difference of Longitude 
2iven, to find Courſe, Diſtance and Departure. = 


Suppoſe two Places, one in Latitude 56d. 15m. 
North, the other in Latitude 58d. 35m. North, their 
Difference of Longitude 2d. 3om. I demand the Courſe 
and Diſtance from the Southermoſt to the Northermoſt, 


and alſo the Departure. t 
Proper Difference of Latitude 


Meridian Difference of Latitude — 260 


140 


Fer 
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For the Courſe. 


As Merid. Diff. Lat. ——— 260 —— 2.41664 
To Radius ——— — 90 om. —— 10.00000 
So Diff. Long. 1 an. 17609 


— — 


To Tang. Courſfe— 29 53 — 9. 75945 
"he the Diftance. 


As Sine Comp. of Courſe —— 60 7 —— 9.93804 

To groper Diff Lat. ——- 140m. — 2.14612 

So Radius — 90 O00 — 10.00000 
5 To the Diſtance ——— — 161 — 5 


2.20808 
For ibe Departure. N 
As Sine Comp. Courſe — 60 07 Co. Ar. o. 06196 


To proper Diff Lat. — 140 — 2.14612 
So Sine of Courſe —— 29 53 — 9 69743 


| To Departure 10 —— 1.90551 


Or, as Radius to proper Difference of Latitude, ſo 
Tangent of the Courſe to Departure. 


CASE VII. One Latitude, Courſe and Departure given, 


to find the other Latitude, _ tance and Difference of 
Longitude. 


A Ship in Latitude 58d. oom. N. cle 8 S W. half 
Wi. till her Departure be 60 min. I demand che Latitude 
come to, Diſtance ſail'd, and fference of Longitude. 
If your Difference of Longitude be Eaſt, add it to, 
or if Welt, ſubtract it from the Lon. zitude failed from, 
and the Sum or Remainder is the 1 ongitude come into, 
if you begin to reckon your Longitude from Pico Tene- 
riff Eaſtwards to 360 Degrees, (which is ſeldom done 
in England) but if you begin your Longirude at the 
Place failed from, according to che Mari ner*'s Compaſs 
Refified) you only reckon your Long: ude Weit, ace 


cording to the Denomination of your Dc p.rture, whe- 
ther Eaſt or Weſt. 3 


* 5 8 1 
3 * — 2 * — 1 4 > " * 3 < 
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For the Difference of Latitude, 


d. m. Co. Ar. 
= 28 07 0.32073 
bo — 1.77815 


As Sine of the Courſe 
To the Departure 


So Sine Comp. of Courſe — 61 53 — 9.94546 


— —ä—ꝛ ̃P 2 —— 


To Difference of Latitude — 112 — 2.05034 


Difference of Latitude 112 Miles, or Minutes; or, 
1d. 52m. which ſubtracted from the Latitude ſailed 
from 58 Deg. (becauſe the Courſe is Southerly) the 


Remainder 56d. 8m. is the Latitude come to. 


Then for the Diſtance. 

1 5 
A8 Sine of the Courſe — 23 07 — 9.67326 

To Departure! 60 — 1.77815 
So Radius — 90 00 — 10.000050 

To the Diſtance i 127 — 2.10489 

For the Difference of Longitude. 
| d. m. 

As Radius —T — 90 O00 — 10.00000 

To Meridional Diff of Lat. 206 — 2.31386 

So Tangent of the Courſe —— 28 7 — 9.72780 
To Difference of Longitude — 110 — 2.04166 


Or, Difference of Longitude may be thus found. 
Co. Ar. 
As proper Difference of Lat. — 112 — 7.94965 
To Meridional Diff. Lat. 206 —— 2.31386 


5 So Departure — — 160 — 1.77815 


— Z — 


To Difference of Longitude — 110 — 2.04166 


CASE - 
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CASE VIII. One Latitude, Diſtance and Departure 
given, to find the other Latitude, Courſe and Difference 
of Longituae. 
A Ship in Lat. 58d. om. N. fails between the South 
and Weſt 127 Miles, and then finds her Departure to be 
15 Degree, or bo Minutes; I demand as above. 


For the Courſe. 


As the Diſtance =——— — 127 — 2,070 
To Radius ——— 90 O00 —— 10.00000 
So Departure mm” 60 — 1.77815 


— — — — 


To Sine of the Courſe — 28 11 — 9.67435 


= For ite Difference 77 Latitnde.. 
d. m. Co. Ar. 
As Sine of the Courſe —=— 28 11 — 0.32579 
To Departure ——— — G60 — 1.7781; 
So Sine Comp. of the Courſe 61 49 — 994319 


To Difference of Latitude — 112 


For the Difer ence of Longitude. 


SY 8 

As Radius — — 90 o — 10 00000 
To Meridional Diff. of Lat. — 206 — 2.31386 

So Tangent of the Courſe 28 I1 — 9.72902 


To Difference of Longitude — 110 — 2.04268 


2.04913 


The Difference of Latitude is 112 Minutes; or 1 De- 
gree 52 Minutes, which ſubtracted from the Latitude 
failed from 58 Deg. the Remainder 56 Deg. 8 Min. is 
the Latitude come to; and the Difference of Longi- 
| tude is 110 Minutes or 1d. 50m. which is to be ſub- 

tracted from the Longitude ſailed from, if you are de- 

creling your a A BY 
_ 
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How to work Mercator's Sailing, without a Table of Me- 
ridional Parts. 


The Table of Meridional Parts may be ſupplied by 


the Table of Artificial Tangents ; for every half Degree : 


of the Tangents above 45 Anſwers to one Degree of 
Latitude, (the Characteriſtic or Index of the Tangent 


being rejected) and therefore to find the Meridional 


Leagues for any Latitude, and half the given Lati- 
tude to 45, the Sum is a Degree, whoſe Tangent mul- 
tiplied by 10, and the Product divided by 376, the 
Quotient is the Meridional Leagues belonging to that 
Latitude, which multiplied by 3, gives (nearly) the 


| Meridional Parts found in the Table. 


Note, If you have a Table that hath 6 Figures, or 


more, in the Tangents, beſides the Index, you may uſe 


the firſt ſix Figures, and need not multiply them by 10, 


as before. 
But becauſe this Way is not of Uſe, except when | 


both Latitudes are given or found, to find the Difference 


of Longirude, tis beſt to find the Tangents anſwering 
to both Latitudes, and ſubtract the leſs from the greater, 


and divide the Remainder 376, which gives the Meri- 


dional Difference of Latitude in Leagues, which if you 


pleaſe you may reduce to Miles, oY multiplying by 3) : 


without further Trouble. 


Example. 
In the foregoing Queſtion 1 in the Eight Caſe of Mer- 


_ cator's Sailing Trigonometrical, the two Latitudes are 


found ro be 58d. om. and 56d. 8m. 


HFalf of 58d. om. is 29d. om, 
To which add — 450: 


The Can Is ed 0 whoſe Tangent i 18 542503 
E 


Half of 564. 8m. is 28 4 
To which _ — 45 o 


The Sum i 1 — 2 3 4 whoſe Tangent i is 516471 
Remainder 


, 
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Remainder 0 5 "OY . 
6(26032(69 Meri 1 at. in Leagues — 6 
a 3472 Which multiply by 


—  — —— 


. Gives Merid. Diff. Lat. in Miles — 207 
Nearly agreeing with that found by the Table. 


And altho' this be not exactly the ſame with the Ta- 


ble, yet the Difference is ſcarce diſcernable, and there- 


fore it may be of great Uſe where Tables of Neri 
Parts are wanting. | 


Ker. . 


Parallel Sailing Tri gonometrical. 


1 8 OM E rank the Caſes of Parallel Sailing amongſt the 


reſt of the Caſes in Mercator s Sailing; and indeed 


not without good Reaſon, ſeeing it is grounded upon 


the ſame Projection, and is really a Branch of the ſame. 
Nevertheleſs, ſeeing both Data and 2»2/ta relate only 


10 the Diſtance or Difference of Longitude, Fc. of 


Ships or Places in the ſame Parallel or Latitude; I 
chuſe rather to ſpeak of it in ſo many diſtin& Caſes 


under that Head, and ſhall (as before) ſer down an Ex- 
ample in every Caſe, and work it in the common Way, 
(iz. by Logarithms, Fc. here, and ſhall hereafter pro- 


ceed to work it alſo, as well as Plane and Mercator's, 


without any Canon, only by common Arithmetic. 


| CASE I. Two Ships (or Places) in one Paralle], their 


Latitude and Diſtance given, to find their Diſs of 
| Longitude, © ® 


Suppoſe two Ships in Latitude god. oom. diſtant 76 


E: Niles; - I demand their Difference of Longitude. 


Ag 


—— —— — — 


Io Sine Comp. Lat. 


—— 
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d. m. | 
As Sine Comp. of Latitude — 40 0 — 9.80807 
To Radius — 90 O00 — 10.00000 
So Diftance — 76 — 1.88081 


To Difference of Longitude — i — 2.07274 
The Difference of Longitude 118m. or 1d. 58m. 


CA 8 E II. Two Places in one Parallel, their Latitude 


and Difference of Longitude given, to find their * 


This is only the former Canon inverted, as in the fol- 
lowing Example. 


The Latitude of two Ships (or Places) and their Dif- 
ference of Longitude given, to find their Diſtance. 


Example. Suppoſe two Places in the Latitude of cod. 


om. their Difference of Longitude 118m. I demand their 


Diſtance. 

og OY 
As Radius — 90 OO — 10.00000 
To Sine Comp. Lat. — 40 0 — 9.80806 


So Difference of Longitude — 111 — 2.07188 


— — 


To the Diſtance —— — 76 — 1.87994 


C AS E III. Two Places in one Latitude, their Diſtance 
and Difference of Lui, *. 40 find the Latitude 
they are in, 


| Example. A Ship ſails due Weſt 2700 Miles, and 
then finds her Difference of Longitude to be 4200 min. 
I demand what Latitude the Ship fails in. 


As Diff Longitude 
To Radius 
So is the Diſtance = 


— 4200 —— 3.62325 
— god. oom. — 10.00000 
#700. — 3.43136 


— —— — 


2. 00 — 9.80811 


CASE 
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CASE IV. Two Ships ſailing directly North or South, 
their Diſtance in one Parallel given, to find their Diſtance 
in another Parallel. 


Example. Suppoſe two Ships in Latitude god. oom 
North, diſtant 200 Miles, ſail both directly North into 
Latitude 73d. oom. I demand their Diſtance in chat 

Parallel. | 8 


As Sine Comp. of Lat. ſailed from 40 oo Co. Ar. o. 19193 
To their Diſtance in that Parallel 200 —— 2.301032 


So Sine Comp, of Lat. ſail'd to—17 00 — 9.46594 


* 
— . 


To their Diſtance in that Parallel — 91 — 1.95890 


CASE V. Two Ships in one Parallel, with their Diſtance 
in tbat Parallel given, Sailing both directly North or South, 

with their Diſtance in the Parallel ſail'd to given, to find. 
the Latitude come to, e N 


Example, Two Ships in Latitude 50d. oom. diſtant 
200 Miles, fail both directly North, till their Diſtance 
is but 91 Miles; I demand the Latitude come to. 
This is but the laſt Canon inverted, viz. 5 
3 5 | 3 
As their Diſtance in Lat. ſail'd from — 200 — 5.69897 
To Sine Comp of Lat. fail'd from 40d. oom.—9.80807 
So Diſtance in Lat. come to ——— gi — 1,95904 


Io Sine Comp. of Lat. come to—1 700 — 9.46608 


In theſe five Caſes of Parallel Sailing, 1 have ſet 
down but one Example in each Caſe, it being of no 
great Uſe in the Practice of Navigation; and yet it- 
was not fit it ſhSald be omitted, as being a good 

Help towards a right Notion and Apprehenfion of the 
"Terreſtrial Globe; for in Plane Sailing there is no ſuch 
Thing as Difference of Longitude, being diftin& from 
1 5 C Depar⸗- 
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Departure, but here the Difference between the one 
and the other is plainly evident; the Difference of Lon- 
gitude being ſometimes twice or thrice as much as the 
Departure, it bearing always the ſame Proportion to 
the Departure, as Radius doth to Sine Complement of 
the Latitude or Parallel ſailed in. 


— 
— 


IS CIs VL 
Middle Latitude Sailing Trigonometrical. 


A Ltho' Middle Latitude Sailing is not exactly true, 
yet becauſe of it's (general) Conformity to the 
Globe, I ſhall dot altogether omit it; for notwithſtanding 
it comes ſhort of Mercator's (or rather Wright's Sailing, 
(in which the Degrees of Longitude bear exactly the 
{ame Proportion to the Degrees of Latitude in any Pa- 
rallel, as it doth upon the Globe) yet it exceeds Plane 
Sailing( which ſuppoſetli the earth to be a plane Superficies, 
and the Degrees of Longitude and Latitude to be every 
where equal;) and therefore ſeeing it hath been ſome- 
times taught and practiſed, as one of the Kinds of 
Sailing (or keeping a Reckoning) new in Uſe; I ſhall 
proceed to an Example in each Care thereof. And the 
rather I take Notice of it, becauſe when I come to go 
over this in the new Way of Working without any Ca- 
non, I ſhall ſhew how it may be done, not only with 
more Eaſe and Expedition, but alſo much more nearly 
(if not exactly) agreeing with Mercator, and conſequent- 
ly with the Globe itſelf, than what has been commonly 
taught and practiſed in that Kind of Sailing; but ſhall 
refer that to its p.oper Place in the Second Part hereof, 
and ſhall here proceed (as in Plane and Mercator, Fc.) 
to work the ſeverral Caſes of Midale Latitude Sailing 
the common Way, and the Analogies or Proportions 
made Uſe of herein, beſides thoſe taught in Plane Sailing 
(which are applicable and uſeſul here, as well as in Mer- 
calor's Sailing) are commonly theſe two, viz. 
5 5 As 


oY  Trigonometrical. 


As Difference of Latitude, 
To Difference of Longitude ; 
So Sine Complement of Middle Latitude, 


To Tangent of the Courſe from the Meridian. 


The other Proportion is, 


As Sine Complement of Middle Latitude, 
To Radius; | 


So is the Departure, 
To Difference of Longitude. 


And theſe Proportions may be inverted according to 
what is given. and what is required, by Euclid. Lib. 5. 
Prop. 14. & 16 & Carol, always obſerving to make the 
required Term the laſt of the Four in the Proportion; 
As Suppoſe both Latitudes and Courſe be given, and 
Difference of Longitude required, then the Proportion 


wil be, 


As Sine S of Middle Latitude, 
To Tangent of the Courſe ; 
So Difference of Latitude, 

To Difference of Longitude. 


And ſo in others, as in the enſuing Operations will 


more plainly appear. 


There is alſo another Proportion of Uſe for finding 
the Courſe, Diſtance, or Difference of Longitude, when 
any two of them, together with both Latitudes, are 


given or found: and the Proportion is, 


As Sine Complement of Middle Latitude, 


Is to the Sine of the Courſe from the Meridian; ; 


So is the Diſtance ſailed, 
To the Differegee of Longitude. 


And fo by inverting the Canon, any hive of them 


being given, the fourth may be found. 


2 
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CASE I. One Latitude, Courſe, and 22 given, 10 
find the other Latitude, Departure and Difference of 
Longitude. 

A Ship in Latitude god. oom. North, ſails N. W. by 
N. 987 Miles; I demand the Latitude come to, with 
the Departure and Difference of Longitude. 

See the ſame Queſtion in Mercator s Sailing, Caſe the 


firſt. 
For the Difference of Latitude. 


NE 6 
As Radius — 5 I0.0000@ 
To Diſtance 987 — 2.99432 
So Sine Comp. of Courſe — 56. 15 — 9.91984 


To Difference of Latitude — 821 2.91416 
The Latitude come to is 63 deg. 41 min. EY 
5 For the Departure. 
. 5 
eee go 00 — io. ooo 
To the Diſtance — — — 987 — 2.99432 
So Sine of Courſe — 33 45 — 9.74473 


To Departure 5 548 — 2.73905 
For the Difference of Longitude. 


Becauſe this Canon for finding the Difference of Lon- 
gitude is grounded upon the Middle Latitude, obſerve 
that it is always found by adding the two Latitudes to- 
gether, and half the Sum is the Middle Latitude re- 
quired. 


7 bus i in this Example. | 

as 
The 1 failed fr ͥnꝛxý n — 50 oo 
The Latitude failed to is — — N. 3 41 
The Sum is — 113 41 


The Half of which! is the Middle 18 — Viz, —56 15 I 
| he 
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The exact half is 36d. g3om. ; but you need not 
be careful to a half Minute; but where the Sum is an 


odd Minute, take always the bigger Half, for the Mid- 


dle Latitude is a Latitude rather too little to work with, 
and conſequently the Sine Complement of it is always a 
Sine rather too great, and makes the Longitude come 
court leſs than really it ſhould be: And although there is 


no Way to find a Mean Latitude to work with as Mid- 


dle Latitude (without too much Trouble) that will bring 


out the required Longitude the ſame exactly with Mer- 
cator; yet the Middle Latitude found as before, being 


always too little, the taking the greater Half, where an 
odd Minute happens, will be ſo far from augmenting 


the Error, that it rather leſſens it, and makes the Lon- 


Wo 
, 


2 ſo found more nearly (though not exactly) con- 
rmable to the Longitude found by Mercator's Sailing; 


which for Inſtance in this firſt Queſtion, we ſhall work 


by each of the three Canons before-mentioned. 


1 PS 


As Sine Comp. of Mid. Lat. — 33 09 — 0.26215 
To Tang. of the Courſe —— 33 45 — 9.82489 
So Diff. of Latitude ——— — 821 — 2.91434 


To Diff. of Longitude —— —— 1003 — 3.00138 


5 Hain, „ Ä——10— 
As Sine Comp. of Mid. Lat. — 33 og — 9.73785 
To Radius e 90 o — 10.00000 
So Departure — 5 — 2.73878 


10 Difference of Longitude — 1003 — 3.00093 
” Auyngain, 8 


As Sine Comp. of Mid. Lat. — 33 og — 0.26215 


Jo Sine of Courſe - 33 45 — 9.74473 
So is the Diſtance -——— — 987 — 2.99432 


__— 


| To Difference of Longitude — 1003 — 3.00120 
| F 3 CASE 


IT 
4 


To Difference of Latitude — 


To the Diſtance 


Jo Departure 
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CASE II. Both Latitudes and Courſe given, to find 
Diſtance, Departure, and Difference of Longitude. 


A Ship takes her Departure from an Iſland, in Lati- 


| tude 36 deg. 25 min. North, and failsN N. W. for ſeveral 
Davs, and then finds herſelf by Obſervation to be in La- 
titude 63d. 3om. North; I demand the Diſtance failed, 


with her Departure and Difference of Longitude. 

See the ſame Queſtion in Mercator's Sailing, Caſe the 
Second. The Difference of Latitude is 21d. 5m. or 725 
Min. or Miles. | 

Then for the Diſtance. 

. | 
As Sine Comp. of Courſe — 67 30 — 9. 4668 
V 86033 


So is Radius „ 16,00000 


__— 


ES 3 2 88 
- | 1 for the * 


„ e Co. Ar. 
A8 ine Comp. of Courſe. 67 3 — 6.03439 
oO Difference of Latitude — 725 — 2.86033 
So Sine of the Courſe % a: 2 


I” 


— 300 "I 2. 47756 
9 56d. 2 5m. 
686 30 


-——— 


The two Latitudes 


Sum X44 35 — 
Half Sum —— 62 28 the Middle Latitude 


required. 1 


. 


As Sine Cana of Mid. Lat. —- 27 32 — 966489 


To Radius — 90 — 10.,00000 
So Departure —— mins 300 — 2. 2.47714 


To Difference of Longitude — 649 — 


—ͤ— „— .  — 
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CASE III. Both Latitudes and Diſtance given, to find 
the Courſe, Departure and Difference of Longitude. 


A Ship in Latitude of 55d. oom. North, ſails between 
the North and the Eaſt 86 Miles, and is then come into 
Latitude 56d. 10m. North; her Courſe, —— and 
Difference of Longitude is required. 

See the ſame Queſtion, (only inverted, what is requi- 
red. there being given here) in Mercator”s 1 Caſe 

the fiftb. 
8 For the Courſe. 


As Diſtance | 885 — 1.93449 
To Radius — god. oom. — 10.00000 
So Difference of Latitude 70 — 1.84509 


— — 


To Sine Comp. of Courſe — 54 29 — 9.91060 


For the Departure. 

1 d. m. 

As Radius — — 90 OO — 10 o ooo 
To the Diſtance ——— — 8% — 1.93449 
So Sine of the Courſe — 25 31 — . 764 


To Departure — 2 — 4. 69802 : 
For the Difference of Longitude. 


d. . Co. Ar. 
As Sine Comp. of Mid Lat. — 34 25 — 0.24779 
To Tang. of the Courſe 35 31 —— 9.8086 
So Difference of Latitude” — 70 — e 


n 


To Diff. of Longitude — 88 — 1, 94374 
„ 

As Sine Comp. of Mid. Lat.— 34 25 — 9.75220 

To Radius — — god. oom. — 10.00000 

So Departure — — 


To Difference of Longitude - — i 1.9467 
* CASE 


— A mm 


— — —— = _ 
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CASE IV. Both Latitudes and Departure given, to find 
Courſe, Diſtance, and Difference of Longitude. 

A Ship in Latitude 35d. oom. North, ſails between 

the North and Eaſt into Latitude 56d. 1om. North, her 


Departure 30 Minutes; the Courſe, Diſtance, and Dif- 
ference of Longitude are required. 


| See the ſame Queſtion i in Mercator s Sailing, Caſe the 
Hfth. 

For the Courſe by Caſe the Sixth of Plane Sailing. 
[As Difference of Latitude —=-— 70 — 1.84509 


To Radius —— — 90d. oom. — 10.00000 
So Departure 80 — 1.69897 
To Tangent of the Courſe — 35 32 — 9.85388 
For the Diftance. 5 
d. m. 
As Sine 106 the Courſe— 35 32 — 9.76430 
To Departure —— 50 — 1.69897 
58 moon; ac * o 10. 00000 


— — 


| To the Diſtance — — 86 — 1.93467 
F or the De of Longitude. 


d. m. 
As Sine Combs of Mid. Lat. — 34 25 — 9. 75220 
To Radius — —— 90 oo — 10.00000 


80 Departure — 


8 1.69897 
To the Difference of 1 — 88 1.94677 


CASE V. - Bb Latitales end Difference of- Leagitade - 
given, io find Courſe, Diſtance and Departure. 


I demand the Courſe, Diſtance ane Meridian Diſtance 
berween two Places, one in Latitude 56d. 15m. North, 


and the other in Latitude 38d. 35m. North, their Dif- 
| Ference of Longitude 2d. gom. 


See Mercator, Caſe the Sixth. 5 For 
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For the Courſe. 


As Difference of Latitude —— 140 Co. Ar. 7.85387 
To Difference of Longitude —— 150 —— 2. 1760 
So Sine Comp. of Mid. Lat.—57d. 25m. — 9.73120 


» ep * _ 
1 n 
— . = — 


| 2 . * - —— 
——— 3 — 
= * » > 8 


To Tangent of the Courſe — 32 25 — 9.761 16 
For the Diſtance. 
d. m. 


As Sine Comp. of Courſe — 60 oz —— 9.93760 
To Difference of Latitude — 140 —— 2.14612 
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So Radius — 90 OO —— 10.00000 
To the Diſtance ——— 162 — 2.20852 
For the Departure. 5 
| ” WT i Co. Ar. 
As Sine Comp. of the Courſe -- 60 1 — 0.062 39 
To Difference of Latitude 140 — 2.14612 


So Sine of the Courſe — 29 59 — 9.69875 


To Departure —— — 81 — 1.90726 


Theſe Five are the moſt neceſſary and uſeful Caſes in 
Middle Latitude, and indeed all that are of Uſe in keep- 
ing a Reckoning ; yet there are ſeveral other Caſes, - 
which I ſhall inſert for Variety; but becaule they are not 
ſo neceſſary in Practice, I ſhall only ſet down the Data 
and Quæſita, with the Canons or Proportions for finding 
what is required, and ſhall leave the Operations for the 
Reader's Practice. | 


CASE VI. One Latitude, Courſe and Departure given, 
to find the other Latitude, Diſtance and Difference of 

| Longitude. ve „„ N 
A Ship in Latitude 55d. oom. North, ſails North 35d. 
32m. Eaſterly, till her Departure be 30; I demand as 
| above. | | | | 5 Sn | | 
For 
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74 Middle Latitude Sailing Chap. II. 
Tor the Difference of Latitude. 


As Sine Courſe is to Departure; ſo Sine Comp. of 


Courſe; to Diff. of Latitude. 


The Difference of Latitude thus found, the Latitude 
come to is eaſily found, as in Mercator, Caſe the firſt; 
and both Latitudes being found, the Middle Latitude 
is found, as in Middle Latitude Sailing, Caſe the firſt. Then, 


For the Diſtance. 


As Sine of the Courſe is to Departure 3 ſo is Radius 
to the Diſtance. 


For the Difference of Longi tude. 
As Sine Comp. of Mid. Lat. to par, ; ſo i is De- 


parture to Diff. of Longitude. 
CASE VII. Ore Latitude, Diftance ond Depariare 


given, to find the other Latirude, Courſe and Difference ef 
Tong: gude. 
For the Courſe, 


As Diſtance is to Radius ; fois Departure to the Sine 
of the Courſe. 


For the Difference of Latitude, 
As Radius | is to the Diſtance ; ; ſo Sine Comp. of the 


Courxſe, to the Difference of Latitude. 


For the Difference of Longitude. 


As Sine Comp. of Middle Latitude is to Radius; ſo 
is Departure to Dillerence of Longitude. 


CASE VIII. Courſe, Departure. d Difference of Lati- 


tude given, to find both Latitudes and Diſtance. 
For the Diſtance. 


As Sine of the Court 1 is to Departure; o is Radius, 
to the Diſtancc. Fer 
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For the Difference of Latitude. 
As Sine of the Courſe is to Departure; ſo is Sine 
Coup. of the Courſe, to Difference of Latitude, 


For the Middle Lati tude. 


As Difference of Longitude is to Departure, ſo is 
Radius to Sine Comp. of Middle Latitude. 


The Middle Latitude and Difference of Latitude thus | 


found, both Latitudes are eaſily found; for adding 
half the Difference of Latitude to the Middle Latitude, 
the Sum is the greater Latitude and ſubtracting the 


ſaid Half from the Middle Latitude, the Remainder is 


the leſſer Latitude. 


CASE IX. Middle Lan tude, C rk and Difance gf given, 


to find both Latitude, 2 and Difference of Lo Me 
gitude. : 


For Difference of Lati tude and conſequently beth Latitudes: 


As Radius is to the Diſtance ; ſo i is Sine Comp. of 
Courſe to Diff. of Latitude. 


Then find both Latitudes, as in Caſe che Eighth, 
Then for Departure by Caſe the firſt of Plane Sailing. 


As Radius is to the Diſtance ſo is Sine of the Caurſes 


to Departure. 


For the Difference of Longitude, 


As Sine Comp. of Middle Latitude, to the Sine of 
the Courſe ; ſo is the Diſtance, to the Difference of Lon- 
gitude. 


CASE X. n Diſtance, at Difference of 1 


ęgitude given, to ind both Latitudes and Departure. 
For the Middle Latitude. 


As Difference of Longitude is to the Diſtance; ſo is 
Sine of the W to Sine Comp. of Middle Latirude. 
For 
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76 Middle Latitude Sailing, Sc. Chap. II. 
For tbe Difference of Latitude. 1 


As Radius is to the Diſtance; ſo Sine Comp. of Courſe 
to Difference of Latitude. 
Then find both Latitudes as in Caſe the Eighth. 


For the Departure. 
As Radius is to the Diſtance ; ſo Sine of the Courſe, 


to Departure. 


CASE. XI. Courſe, Difference of Latitude and Diffe- 


rence of Longitude given, to find both Latitudes, Diſtanc e 
«nd ae a 


For the Middle Latitude. 
As Den of Longitude is to Difference of La- 


titude; ſo is Tangent of the Courſe, to Sine Comp. of 
Middle 1 


By Difference of Latitude and Middle Latitude find 


both 1 as in Caſe the Eighth. 


For the Diſta: nce. 


As Sine Comp. of the Courſe is to the Difference of 


; Latitude {o 1s Radius to the Diſtance. 


For the Departure. 
As Sine Comp. of the Courſe, is to the Difference of 


Latitude, ſo Sine of the Courſe, to the Departure. 


CASE XII. Middle Latitude, Courſe and Difference of 


Longitude given, to find both Latitudes, — and 
Departure. 


As Tangent of the Courle i is to Sine Comp. of Mid- 


dle Latitude; ſo Difference of Longitude, to Difference 
of Latitude. 


Then find Diſtance and Departure, as in Caſe the 
Eleventh, 


CASE 
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CASE XIII. One Latitude, Departure, and Difference 
of Longitude given, to find the other Latitude, Courſe and 
Diſtance. 


As Difference of Law inade i is to this; ſo is 
Radius, to Sine Comp. of Middle Latitude. 


Subtract the given Latitude and Middle Latitude, 
the leſs from the greater, the Remainder doubled 1s the 
Difference of Latitude. 


Then for the Courſe. 


As Difference of Latitude is to Radius; ſo is Depar- 
ture, to the Tangent of the Courſe. 


Then for the Diſtance. 


As Sine of the Courſe is to Departure; ſo is Radius, 
$0 the Diſtance. 


OO : 5 ** 1 


CHAP. III. 


1V, avigation by Inſpection. 


— 


"'SRCT;-1L 


How to work all the Caſes i in Plane Sailing, and to work a 


Traverſe; and alſo to keep a Reckoning both in Longitude 
and Latitude, only by Inſpetion in the Table of Difference | 


of Latitude and Departure. 


* all Caſes of Plane Sailing, there are always four 
Terms, viz. Comrie, Diſtance, Difference of Lati- 
rude and Departure, two of which are alway: given, to 
find the other two; and in the Traverſe Table, rh: 
Courſe 1s to be found in the Degrees, Points, 6 
Quare*: 
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Quarter Points, at the Top or Bottom of each Leaf. 
The Diſtance is found in the firſt and laſt Column of 
each Page, and the Difference of Latitude and Depar- 
ture are found in the reſt of the Columns in the Body of 
each Leaf Side; and which two of the Terms hover | 
you have given, they being found in their proper Pla- 


ces, the two required Terms may alſo be found in the 


correſponding Columns : I ſhall inſtance an Example 1 in 


all the fix Caſes of Plane Sailing. 


C A SE I. Courſe and Diſtance given, to find Diffrenceef 
Latitude and Departure. 
A Ship fails S. 25 Deg. E. 96 Miles; I demand her 


Difference of Latitude and Departure. 
In this Table, the Left-hand Page in the Columns of 


| Diſtante proceeds from 1 to go, and the Right-hand 


Page from 50 to 100, and the given Diſtance here being 
above 50, Liz. 96, look along the Top of the Right- 
hand Pages till you find 25 deg. ard right under it, and 
againſt 96, the Diſtance you find 87 min. or miles for 
the Difference of Latitude, and 40 min. or miles for the 
Departure, as the Title at the Top directs. 

But ſuppoſe your Courſe hath been South 65 Degrees 
Eaſt, you find 65 Degrees at the Bottom of the ſame 
Column where you find 25 at the Top, and againſt 96 


the Diſtance. you find Difference of Latitude, and De- 


parture the ſame, viz. 87 miles, and 40. 6 miles only 
with this Alteration, that now 87 miles 1s the Departure, 
and 40. 6 miles is the Difference of Latitude; whereas 


before it was contrary : But to avoid Miſtakes herein, 


obſerve where you find the Degree of the Courle whe- 


ther at the Top or Bottom of the Table, there find alſo 


the Title of the Columns of Difference of Latitude and 
Departure: Thus, in the firſt Example of 25 Degrees, 


you find the Degree at the Top, 0 therefore the Title 


alſo at the Top ſhews that the firit of the two Columns 


is Difference of Latitude, and the ſecond the Departure: 

but in the ſecond Example of 65 Degrees, you find the 

Degree at the Bottom, and therefore the Title being 
allo 
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alſo found at the Bottom, ſhews the firſt Column is the 
Departure, and the Second the Difference of Longitude, 
Se. 


But ſuppoſe my Diftance be above 100 Miles, as in the 
firſt Example of Plane Sailing in the Book, which is, a 


Ship fails N. W. by N. 123 Miles ; I demand her Dif- 


ference of Latitude and Departure. 


Here, becauſe the Table reaches but to 100, you 


muſt take it out at twice; thus the Courſe being N.W. 
by N. 3 Points, I look for 2 Points, which I find at the 
| Top of the Leaf, and under it againſt 100, I find, 


Diff. Lat. Dep. 
93-2: $50. 
Then againſt 23 Ind under 3 Points 19 423 2 


102. 2 634 


Theſe Sums added ſeveraally, give 102 . 2 for the 


Difference of Latitude and 68 . 4 for the Depaature. 


But ſuppoſe your Diſtance was ſo great a N umber, 


that it would require to be taken out at a great many 
Times, as in the Queſtion in Caſe I. of Mercator's Sail- 
ing Trigonometrical. A Ship ſails 987 Miles N. W. by N. 
Sc. you may alſo take this out at twice; for having 


found 3 Points, you may take out firſt for 980, and 


then for 7 thus: look under 3 Points, till you come 
down — the Diſtance 98, and againſt it you have 
81 . 3, for Difference of Latitude, and 54 . 4 for che 
8 ; but becauſe the 98 is advanced a Figure or 
Place towards the Left-hand, and called 980, and 


therefore advance the other alſo a Place to the Left- 


hand, then will the Diff. of Latitude, 


Dif. Lat. Dep. 81 . 5, become 815, and the Depar- 


8 : a 544 ture 54 . 4, will be 344; then finding 
a 


. 9 alſo for the 7, becauſe the whole Di- 


— — ſtance is 987, the Work will ſtand as 
320 . 8 547.9 in the Margin, and the Difference of 
Latitude is 820 . 8, and Departure, 
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Chap. III. 
Another Method very proper when your given Di- 
ſtance exceeds what is found in the Table, is to take, 
J or 2, Sc. of your given Diſtance, and find the Diff. 
of Lat. and Departure belonging to that, which being 
doubled, if you took half, or tripled, if you took One- 
third, or multiplied by 4, if yeu took One-fourth, &c. 

of the given Diſtance; and Numbers ſo found ſhall be 


the Difference of Latitude and Departure required. 


Example. 
A Ship ſails S. S. W. 12051 demand Diff of Latitude 
and Departure. 


Here, becauſe the Table goes not ſo far as 120, 1 
take the Halt of it, viz. 60, and mm it under two 


Points (becauſe S. S. W. is two Points from the Meridian) 


I find 55.4, for Difference of Latitude, and 23. o, for 


the Departure; which two Numbers being doubled, 


(becauſe 1 took but half the Diſtance) gives 110.8, for 


the Difference of Latitude, and 46.0 tor the Depar- 
ture, Sc. 


CASE II. Courſe and Difference of Latitude given, to 


find Diſtance aud Departure. 


A Ship fails North 28 Deg. Weſterly, till her Diffe- 
rence of Latitude be 120 Miles ; I demand her Di- 
ſtance and Departure. | 

Becauſe 120 is not to be found in the Table, I take 
half of it, viz. 60, and finding 38 Deg. at the Top, I 
look under it till I find 60 [under Lat.] for Difference 
of Latitude; and right againſt it, in the Column of Di- 
ſtance, I find 76, which doubled is 152, the Diſtance 


required, and againſt it [under Dep.] I find 46.8, 
which doubled i Is 93. 6, the Departure required. | 


C 


CASE 
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CASE III. Conrſe and Departure given, to find the Di- 
tance and Difference of Latitude. 


A Ship fails S. W. by S. till her Departure be 40 
Miles; I demand Diſtance and Difference of Latitude. 


Find the Points at the Top, and under it, in the Co- 


lumn of Departure, find 40, againſt which you find 72 
for the Diſtance, and 59.8, for the Departure. 


CASE IV. Diftance and Difference of La 
| to find Courſe and Departure. 


A Ship fails 71 Miles in the S.W. Quarter, her Dif- 
ference of Latitude 59 Miles; I demand Courſe and 
Departure. ne 3 

Look for 71 in the Column of Diſtance, and run over 
the ſeveral Columns of your Table, till you find 59 in 

one of the other Columns againſt it, which being found, 
obſerve where you find the Title [ Lat ] whether at the 

Top or Bottom of the Table; for there you find alſo 
the Courſe, as in this Example I run over the Table, 
till againſt 71, I find 59.0, and the Title Lat.] being 
at the Top, I find alſo the Courſe at the Top, viz. 3 
Points, or S. W. by S. and Departure 39.4. 


CASE V. Diſtance and Departure given, to find Courſe, 


and Difference of Latitude. 


A Ship fails between the South and Eaſt 1b Miles, 
her Departure 53 Miles; I demand the Courſe and Dif- 
ference of Latitude. ) 

Look for 100 in the Column of Diſtance, and againſt 
it run over your Table till you find 53 for the Depar- 


ture, and over it you find 32 Degrees for the Courſe, 


and 84.8 for the Difference of Latitude required. 
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CASE VI. Difference of Latitude and Departure given, 
to find the Courſe and Diſtance. 5 
A Ship fails between the North and Eaſt, till her 
Difference of Latitude be 56.0, and her Departure 
35.0; I demand the Courſe and Diſtance. : 
Look through the Columns of Diff. of Lat. and De- 
parture, till you find 56.0, againſt 35.0, and over 
that you find 32 Degrees for the Courſe, and 66 Miles 
for the Diſtance, &c. 
Note 1ſt. You cannot always find exactly the Num- 
bers given, but find the neareſt you can, which will ge- 
nerally be of ſufficient Exactneſs for common Uſe. 
Note 2d. If the Departure be greater than the Dif- 
ference of Latitude, the Courſe is more than four Points, 
but if the Departure be leſs, then the Courſe is leſs than 
four Points; and the greater the Difference is between 
theſe two, the more in proportion will the Courſe differ 
from four Points; by duly obſerving this, a little Prac- 
tice will make you find the Courſe and Diſtance with 
Readineſs. 55 5 
Motte 3d. If either Difference of Latitude, or Depar- 
ture, or both, be greater than the Extent of your Ta- 
bles, then Half or Quarter Ac. both of them, and find 
out as above, and the Courſe will be the ſame, but the 
Diſtance will be the Half, Quarter, &c. accordingly. 


8 n — > 2 * 


_ wa 0 a. 
6 
, . : * 


s EC r. U. 


How to work a Traverſe by the Tables of Difference 
of Latitude and Departure. ER 


HIS is the principal Thing for which theſe Ta- 
blies are of Uſe, and this Way of working a Tra- 
verſe is equal to the beſt for Exactneſs, and much more 


expeditious, and therefore I have on Purpoſe omitted 
Traverſe 
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Traverſe Sailing i in the Trigonometrical Part hereof, as 


being too tedious for Practice at Sea. 
I ſhall inſtance in Queſtion the firſt of Traverſe Sailing 


Geometrical, and ſhall ſolve the ſame here by the Table. 
A ShipS.S.E. 30 Miles, then N. E. by N. 40 Miles, 


then E. by N. 25 Miles, then N. N. E. 44; I demand 
the Courſe, Diſtance, Difference of Latitude and De- 
puarture, from the Place ſailed from. 


. Make a little Table with ſix Columns, 3 as you 


The firſt is the Courſe. = 
The ſecond the Diſtance. 
The third the Northing. 
The fourth the Southing. 
The fifth the Eaſting. 
The ſixth the . 
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Then M Cake 1. Bd the Diſcrence of Latitude and 


Departure to every Courſe, and ſet them in their proper 


Columns; as where the Courſe is Northerly, ſer the 
- Difference of Latitude under Northing, or in the North 


G 2 Column; 
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84 Traverſe Sailing by Inſpedtion. Chap. II. 
Column; and where the Courſe is Southerly, ſet the 
Difference of La'itude in the South Column. 
Again, when the Courſe is Eaſterly, ſet the Departure 
in the Eaſt Column, and when the Courſe 1s Weſterly, 
ſet the Departure in the Weſt Column; then adding up 
each Column by itfelf, ſubtract the North and South 
Columns, the leſſer from the greater, the Remainder is 
the Northing or Southing made good. Alſo ſubtract 
the Eaſt and Weſt Columns, the leſſer from the bigger, 
the Remainder is the Eaſting or Weſting made good; 
then have you Difference of Latitude and Departure 
given, to find the Courſe and Diſtance, by Caſe VI. 
In this Example, the firſt Courſe is E.S.E. 3o Miles; 
or two Points 30 Miles; for which, by Caſe I. I find 
the Difference of Latitude 27.7. Now the Courſe 
being between South and Eaſt, I place my Difference 
of Latitude in the South Column, and my Departure 
11.3, in the Eaſt Column, leaving the North and 
Weſt Column blank. =» . 
Then for the ſecond Courſe, N. E. by N. or 3 Points, 


40 Miles, here my Difference of Latitude 33.3, is to 


be placed in the North Column, and the Departure 22. 2, 
in the Eaſt Column, becauſe the Courſe is between the 
North and Eaſt. 8 5 5 
Then the third Courſe being E. by N. or 7 Points, 
25 Miles, I place my Difference of Latitude, 4.9, 
in the North Column, and Departure, 24.5, in the 
Eaſt Column. | 0 
And fo for the fourth Courſe, N.N.E. or two Points, 
44 Miles, I place my Difference of Latitude, 40.6, 
in the North Columns, and my Departure, 16.8, in 
the Eaſt Column, and then adding up each Column, 
the Sum of the Northing Column is 78.8, and the Sum 
of the Southing Column is 27.7, which ſubtracted 
from the Northing 78 8, the Regnainder 31.1, is the 
Difference of Latitude made . which is Northing, 


becauſe the Northing was the greater Number. 
Again, the Sum ot the Eaſting Column is 75.0, which 
(becauſe there is no Weſting to ſubtract from it) is the 
Eaſtiag made good. Thus you have the Northing, 3 1 1, 


and 
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and the Eaſting. 75. o, given, to find Courſe and Diftance, 


by Caſe VI and although you cannot find in the Table 
the exact Numbers af” 51.1, and 75 o, together, yet 


find the neareſt yoti can, which is 75.4, and 50.9, under 


which, at the Bottom, you find 56 Degrees for the 
Courſe, which is N. E. by E. az and the Di- 
ſtance 91 Miles. 

But if you have a Place propoſed that you are bound 


for, whoſe Courſe and Diſtance from the Place ſailed 


from is given, find thereby the Difference of Latitude 


and Departure to the Place bound for, from which ſub- 


tract the Difference of Latitude and Departure, made 
good, (if it be the lefſer Number, or the other from it, 
if that be the greater Number) the Remainder is the 
Difference of Latitude and Departure from the Ship to 
the Place bound for, by which you may find the Courſe 
and Diſtance by Caſe VI. 

Example. In the firſt Queſtion i in Traverſe Sailing Geo- 
metrical, there is a Place propoſed to be ſail'd to, diſtant 
129 Mites N. E. half E. the Difference of Latitude for 
he Courſe and Diftance is found by Caſe I. to be 76.2, 


and the Departure, 92.8. Now the Difference of La- 


tirude made good by the Ship being but 31. , if ſub- 


tracted from the whole Difference of Latitude to the 


Place bound for, 76.2, it is evident that the Remainder 
25.1, muſt be the Difference of Latitude from the Ship to 


the Place bound for. Alſo the Departure made good by 
the Ship, 75.0 ſubtracted from the whole Departure, 
92 8, the Remainder 17.8, is the Departure from the 


Ship to the Port bound for. And thus you have the 
Difference of Latitude, 25.1, and the Departure, 17.8, 


to find the Courſe and Diſtance by Cafe VI. and the 


neareſt to theſe two Numbers that can be found is 25.4, 
and 17.8, over which you have 35 Deg. for the Courſe, 
and againſt it 31 Miles for the Diſtance, viz. N. E. by 


N. 1d. 15m. Eaſterty, 31 Miles is the Courſe and Di- 


ſtance to = Place bound for, c. 


But ſuppoſe the Difference of Latitude made good 
by the Ship was more than the Difference of Latitude 
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86 Longitude by Inſpection. Chap. III. 
to the Port bound for, you muſt ſubtract the leſſer from 


the greater, and the Remainder is the Difference of La- 
titude from the Ship to the Port, but of a contrary De- 


nomination, which ſeems to be ſo plain, that it needs 


no Example; for if a Man intends to travel to a Place 
that bears due North from him 12 Miles; if a Man travels 


15 Miles due North, his Courſe from thence to the Place 
bound for is South 3 Miles; even ſo if a Ship intending 


for the Port aforeſaid, whoſe Difference of Latitude is 
76.2 North, and Departure 92.8 Eaſt, ſhould fail be- 
tween the North and Eaſt, till her Difference of Lati- 


tude be 100 North, and Departure 75.0 Eaſt, tis plain 


ſhe is to the Northward of her Port; becauſe ſhe has got 
more Difference of Latitude Northerly ; and ſhe is alſo to 
the Weſtward of her Port, becauſe ſhe hath not ſo much 
Departure Eaſterly ; and therefore ſubtracting the leſſer 
Difference of Latitude from the greater, the Remainder, 


23.8, is the Difference of Latitude Southerly from the 


Ship to the Port bound for; and the Departure 57.0, 


peer rg from the whole Departure, 92.8, the Re- 
mainder, 17.8, is the Departure Eaſterly from the Ship 


to the Port bound for; and in this Caſe the Courſe and 
Diſtance would be found by Caſe VI. to be S.E. by S. 
x S. 29.5 Miles. 1 © 
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How to find the Difference of Longitude by the Ta- 


Ble of Difference of Latitude and Departure. 


1 AVING one Latitude, Courſe and Diſtance 
L 4 given, or both Latitude and Courſe, &c. you may 


find the reſt according to Plane Sailing, by the foregoing 


Rules, which being done, find the Middle Latitude, 
{always obſerving this Caution, to take a Latitude ra- 
ther too big than too little, where the Middle Latitude 


cannot exactly be had without a Fraction, then the Rule 
"Ln Find 
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Find the Complement of Middle Latitude amongſt 


the Degrees at the Top or Bottom of the Table, and 


(under it if you find it at the Top, or above it, if you 
find it at the Bottom) in the Column of Departure, find 
your Departure, and right againſt it, in the Column of 
Diſtance, is the Difference of Longitude. 

And although this Method is not ſo practicable in 
great Numbers, yet it is very uſeful at Sea, for working 
a Day's Run, or the like, which ſeldom exceeds 50 or 
60 Leagues; and therefore I ſhall recommend it to the 
Learner, as the moſt expeditious Method, and of ſuf- 


ficient exactneſs for ſhort Diſtances ; here being Me- 
thods ſufficient laid down in this Treatiſe for more ex- 


actly correcting the Reckoning once or twice in a Week, 
of which more when we come to that Part. 


However, ſhould the Departure be too great for the 


Tables, the Difference of Longitude may be very nearly 


found by this ſmall additional trouble of Halfing, Quar- 


tering, &c. the ſame, and proceed as before, whence 
you will have in the diſtant Column, the Half, Quar- 
ter, Sc. of the Difference of Longitude. 

Note, If you think it too much Trouble to ſubtract 
the Middle Latitude from go, to find its Complement ; 
you may find the Middle Latitude amongſt the De- 
grees, as before; and find the Departure in the Co- 


lumn of Difference of Latitude, and againſt it, in the 


Column of Diſtance, you have the Difference of Longi- 
rude as before. 


I ſhall give an Example or two, and refer the Reader 


for further Practice of this Method to the Examples 


laid down for keeping a Reckoning in the latter Parc 
of this Book, where I ſhall illuſtrate this Method by 


Example, and ſhew its general Agreement with the 


Longitude, as found by Mercator's Sailing. 

Example 1. A Ship in Latitude 55.0 North, Cails in 
the Norih Faſt Quarter, into Latitude 56.10, her De 
parture go; I demand Courle, Diſtance, and Difference 
of * 
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88 Longitude by Inſpection. Chap. II. 
See the Queition in Caſe IV. of Middle Latitude 
Sailing Trigonometrical. 
Difference of Latitude 70, Departure 50, the Courſe 
will be found by Caſe VI. of Plane Sailing to be 36 De- 
grees neareſt; omitting the Minutes, and the Diſtance 
86. Hes SC | 
The Middle Latitude is 55.35, but becauſe we have 
only whole Degrees, we muſt uſe either 55 Degrees, 
or 36; and becauſe, as I ſaid before, it is beſt to take a 
Degree too great rather than too little, we ſhall call it 
56, whoſe Complement 34 found in the Degrees, look 
under it for the Departure 50, the neareſt Number to 
Vvhich is 49.8, againſt which in the Column of Diſtance, 
I find 89 for the Difference of Longitude required. 
Example 2. In Caſe V. of Middle Latitude Sailing Tri- 
gonometrical. 5 „„ 
demand the Courſe, Diſtance and Difference of Lon- 
gitude between two Places, one in Latitude 56.15 North, 
the other in Latitude 58.35 North, their Meridian Di- 
ſtance 81. 1 e 
Difference of Latitude 140, Departure 81, the Courſe 
is found by Caſe VI. of Plane Sailing to be an Angle of 
30 Degrees from the Meridian, and the Diſtance 162, as 
you may ſee by the Traverſe Table. 
Then for Difference of Longitude, the Middle La- 
titude is 57.25, but we muſt call it in this Caſe 38, 
which found in the Degrees, there is not ſuch a Num- 
ber as 81 in the Column of Latitude; therefore find 
its half 40.5, or the neareſt to it, which is 40.3, and 
- againſt ir, in the Column of Diſtance, you find 76, which 
doubled is 1 52, the Difference of Longitude required. 
Note, Although in particular Queſtions the Longi- 
tude found this Way differs ſometimes a Minute or two 
from that found by Calculation; becauſe we are obliged 
to uſe whole Degrees in the Table for Middle Latitude; 
yet the Error being ſometimes a Minute or two too 
much, and ſometimes as much too little, the Difference 
is not diſcernable in a long Reckoning. 2 
CHAP. 
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CHAP. IV. 
Aritbhmetical Navigation. 
"BROS. & 
Plane Sailing Arithmetical. 
AVING thus finiſhed all the Kinds and Caſes of 


— 


nn 


the Method commonly taught, and practiſed both at 
Sea and 2-ſhore, viz. by a Canon of Logarithmetical 
Sines, Tangents, and Secants, (together with the Help 

of the Logarithms and natural Numbers) my next 
Work is (according to my Promiſe) to ſhew, how all 
the aforeſaid Kinds of Navigation may be compleatly 

performed without any Canon, only by the Help of 
ſome given Numbers, (which ſhall be inſerted in their 
proper Places) which are of Uſe where the Courſe is 
either given or required: And firſt in Order, I ſhall be- 


gin with Plane Sailing, in which the three firſt Caſes are 


wrought only by the Table of given Numbers, as alſo 
are thoſe Queſtions in the three laſt Caſes where the 
Courſe is required: But the Solution of all Queſtions 
in Plane Sailing, when two Sides are given to find a 
third (as Diſtance and Difference of Latitude given to 


find Departure, &c.) are grounded upon that known 


Propofition in Euclid. Lib. 1. Prob. 47. viz. That the 


Square of the Hypotenuſe (called there the Baſe, be- 


cauſe it is the longeſt Side) of a right-angled Triangle, 


is equal to the Squares of both Legs added together. 


Hence then (the Hypotenuſe repreſenting the Dutance, 
and the two Legs e Difference of Latitude and De- 


Leg by itſelf) theſe two Sums added together ſhall be 


equal 


Navigation in the foregoing Book, according to 


parture (if you ſquare each Leg, that is, multiply each 
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90 Plane Sailing Arithmetical. Chap. IV. 
equal to the Square of the Hypotenuſe ; and conſequent- 
ly, if from the Square of the Hypotenuſe you ſubtract 
the Square of one Leg, the Remainder is the Square 
of the other Leg, as may be proved by thoſe three 
known Numbers, 3, 4, and 5, which three Numbers 
make a Right-angled Triangle ; the two Legs being 3 
and 4, and the Hypotenuſe 3: Now if you ſquare the 
two Legs, 3 times 3 is 9, and 4 Times 4 is 16, which 
two Squares of 16 and 9 added together, the Sum is 25, 
the Square of 5, the Hypotenuſe. Again, if from 25, 
the Square of the Hypotenuſe, you ſubtra& 16, the 
Square of one Leg, there remains g, the Square of the 
other Leg, c. And when the Square of any Side is 
thus found, the Square Root thereof 1s the Side required. 
Alſo with reſpect to the given Numbers, if Courſe 


and Diſtance be given, multiply the Diſtance by the 


given Numbers, as the Title of the Table directs for 


Latitude and Departure, (whoſe Uſe follows in ſeveral 


Examples) the Product, abating as many Figures to 
the Right-hand as you multiply by, is the Difference 
of Latitude or Departure required: Now it the Hypo- 
tenuſe multiplied by the given Numbers, it produces a 
Leg, only two Figures are to be cut off; the ſaid Leg 
being alſo given, and two Figures (or Cyphers) added 
to it, and divided by the ſaid given Number, the Quo- 
tient muſt needs be the Hypotenuſe ; and if ſo, then 
it the ſaid Leg, with two or more Figures (or Cyphers) 
added to it, be divided by the Hypotenuſe, the Quoti- 
ent muſt needs be the given Number, as is apparently 
_ evident to almoſt every Body that have but learned the 
firſt Rudiments of Arithmetick, and underſtand (what 
every School-Boy is taught) how Multiplication and 
Diviſion will undo and prove each other; and hence 
any two Parts of a Queſtion of Plane Sailing being given, 
the reſt may be found by the Square Root, and one 
Table of given Numbers; all the Gaſes except the ſixth, 
being wrought immediately by the given Numbers; 
and even in the ſixth Caſe, where the two Legs are gi- 
e ven, 


1 


Sect. I. 


Plane Sailing Arithmetical. 
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ven, the Hypotenuſe or Diſtance may be found by the 
Square Root, and then the Courſe as in the other Caſes; 
as I ſhall explain by the following Example. 


— 


thus found, obſerve on which Side of the Table 
they are found, for if you find the Courſe at the 


2 80 5 The Uſe of this Table 
A TABLE of Given is for working the fix Caſes 
Numbers. of Plane Sailing, in which 
!.. p eenrve, a mm Re i 
. En ſ and laft Columns you have 
Points Latit. Points the Rumbs or Points of 
„ | the Compaſs, with the half 
EO gon} EC. Points, and quarter Points, 
299.88 04.91 | 7 = numbered from the Meri- _ 
| dd 4 99.52 | 09.79 | 7 = dian, or North and South 
0 4 |98.92 | 14.66 | 7 + | Line, either Eaſt or Weſt, 
1 198.08] 19.3117 according as they ſtand in 
—— — — Order; thus S. S. W. is 
1797.01 24.30 6 ＋ two Points, becauſe Soutn 
12 95.70 29.026 ſis upon the Meridian, then 
1494.16 33.68 | 67 |S. by W. is one Point, and 
2 38.27 | 6 (s. S. W. two Points, Sc. 
— | — so likewiſe N. N. E. and 
2 + 90.40 42.765 + N. N. W. is two Points 
2 2 88.20 | 47-13 | 5 = |from the North. Again, 
| 9+ |85.78 51.405 + ſuppoſe a Ship ſails S. W. 
12 182.15 | 55.50 | 5 2 S. that is, three Points 
—_— wy. Ia, oe NNE. 
| 3 + |$0-32| 59.57 |4+ E. is two Points and a 
| 3+ 77.30 63.44 | 4 5 Quarter; which being a 
| 3+ 74.10 67.15 | 4 + Thing ſo commonly known 
4 70.71 70.71 | 4 I ſhall not need to add any 
—— } — more Examples. 
Point. Latit. | Depart. Point“ The Number of Points 


Left-hand, then pod the Denomination of Latitude 


and Departure at the Top: But if the Courſe be on the 


Right -hand find the Denomination of Latitude and De- 
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parture at the Bottom; for the Left-hand Column con- 
rains all the Points under tour Points, and the Right- 
hand Columns contains all the reſt of the Points to eight. 
Now if the Courſe be found in the firſt Columns, (viz. 
leſs than four Points) then the ſecond Column contains 
the given Numbers for Difference of Latitude, and the 
third Column is the given Numbers to find Departure: 
But if the Courſe be in the laſt Column, (viz. above the 
four Points) then the third Column is the given Num- 
bers to find Difference of Latitude, and the ſecond is 
for the Departure, c. And the Uſe of the Table be- 
ing thus known for the firſt Caſe, the reſt is eaſily found 
by Conſequence, as we have hinted before, and ſhall 
make it evident and intelligible to the meaneſt Capacity, 
by the following Examples. 5 
Note; If you have a given Number, with a Cypher 

on the Left-hand, (as in 7 + and 7 + Points) although 
a Cypher adds nothing to the Product (being on the 
Left-hand) yet it cauſeth a Figure more to be cut off 
from the Decimal Fraction; and having cut off as ma- 
ay Figures towards the Right-hand as you multiply by, 
he reſt is the Latitude or Departure ſought, and thoſe 
dut off are a Numerator of a Decimal Fraction to a De- 
10minator, conſiſting of as many Cyphers as you cut off 
Figures, with a 1 at the Left hand; fo if you cut off 
97, it is 53%, or if you cut off 342, it is ns, and fo 
of the reſt. 5 5 5 
Note; When you have found the given Number in 
the Table, you need not always uſe all the four Figures, 
eſpecially, if the third or fourth be a ſmall Digit, as 1 or 
2, as ſuppoſe your given Number be 8315, here the 
third Figure being a 1, you may eut off the two laſt 
Figures, and uſe only 83 to work with. Again, if the 
third Figure be one of the higheſt Digits, as 8 or 9, 


you may cut off the two laſt only add one to the ſecond 


Figure, and ſo work as before; as ſuͤppoſe your Num- 
ber be 2899, you may add 1 to the ſecond Figure, viz. 
8, and then cut off the two laſt, and then your Num- 

= 1 ber 


Set. I. - Plane Sailing Arithmetical. 
ber to work with will be 29; the Reaſon of all which 


is very evident to any that underſtand the Nature of 


Decimals, and will by a little Practice become eaſy to 
the meaneſt Capacity. : 


Plane Sailing. 


| CASE I. CowJſe and Diſtance given, to find the Diffe- 


rence of Latitude and Departure. 
The RULE. | 


Multiply the Diſtance by the given Numbers for the 


Courſe, and from the Product cut off as many Figures 
as you multiply by, and the reſt is Difference of Lati- 
tude and Departure required. N 
Queſtion. A Ship ſails N. W. by N. 123 Miles; 
demand her Difference of Latitude and Departure? 


The given Number for Difference of Latitude bein 
$315, we ſhall only uſe 83, and cut off the other tw 


Figures, (towards the Right-hand) and multiplyin 


the Diſtance 123, by the given Number 83, and fror 


the Product cut off two Figures, (becauſe you multipl | 


by two Figures) you have Difference of Latitude; bu 
for Departure the given Number is 55546, the thirc. 
Figure being a 5, we ſhall for more Exactneſs uſe thre 
Figures, viz. 555, and work as before: The Operatior 


for Difference of Latitude and Departure will ſtand thus 


For the Diff. of Latitude, K Departure. 
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The Difference of Latitude is 102 x33, the Departure 
is 68 5223; but you need not regard the Fractions, 
only if a Fraction be conſiderably above half of one 
Mile, or Minute, you may add 1 to the whole Number ; 
as ſuppoſe your Fraction be 78, viz. 34, you may add 
x to the whole Number, and reject the Fraction, &c. 


Another Example in Caſe 1. 


A Ship fails N. N. W. 4 W. 165 Miles; I demand 
the Difference of Latitude and Departure. 


N. N. W. : W. is 2 1 Points. 


JJ Fn Fer Depart. 
> a6g-.-- „ 165 
: 88 47 
1320 11566 
1320 660 
145120 Diff. Lat. 8 776 


Dep. 77, or rather 58, becauſe the Fraction is 55. 


C A SE II. Courſe and Difference of Latitude ous to 
nd Diſtance and Departure. 


De R U L. E. 


For the Diſtance, add as many Cyphers to the Dif. 
ference of Latitude as the Number of Figures you 
think to make uſe of in the given Number, and then 
divide it by the given Number, and the Quotient is 
the NE, which being — find the — 

as in? Caſe I. 


Queſtion. A Ship fails S. W. byS. aul her Difference | 
of Latitude be 174; I demand the Diftance and Depar- 


ture. 
The 


Set. I. Parallel Sailing Arithmetical, os 


The Courſe is 3 Points, the given Number 8315 and 
$556. 


For the Diſtance. w Departure. 
33) 17400(209 Dif. 209 
-* $00 | 555 
53 1045 
1045 
1045 
1151995 


The Diſtance 209, and Departure I15,0r rather 11 6, 
becauſe the Fraction 1s ſo great, viz. - FT + 


CA S E UI. Dork and Departure given, to o find Difance, | 


— Differen ce of Latitude. 
E be R'U L E. 


Add ſo many cyphers to the W as you think : 


to uſe Figures in the given Number; and then divide 


by the given Number ſoaring to Departure, and the 
ic 


Quotient is the Diſtance, w 


2 found, find the 
Difference of Latitude, as in 9 . 


Queſtion. A Ship ſails N. by E. 3 2 E till her Depar- 


ture be 72; her Diſtance and Difference of Latitude | " 


: required. 
See Example che ſecond, in Caſe IIT. of Plane Sailing. 
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For the Diſtance. For Diff. Lat. 
337)72000(213 214 
460 94 
120%%/%/ — 
836 
219 1926 
2010 


The Diſtance is 214, „ being ſo large a Fraktion T and 
the Difference of Latitude is 201. 


55 0 ASE IV.  Diftance and Difference of Latitude given, 
to find the Courſe and Departure. 


The RULE. 


0 the Diſtance (chat is, multiply by Ieſelf) ws -* 


likewiſe the Difference of Latitude, and ſubrrad the 
leſſer Number from the greater, the Square Root of 
the Remainder is the Departure required; and then for 
the Courſe, add two or three Cyphers to the Difference 
of Latitude, and divide that Sum by the Diſtance, the 
Quotient is the given Number for the Courſe, which 
being found in the Table, you have againſt 1 it the Courſe 
required. | 
Note; If you cannot find exactly che ſame Numbers 
(which ſeldom happens) find the neareſt to it, which is 
ſufficient, and find the Courſe to the neareſt Quarter 


Point. 


9ueſtion. A Ship ſails between the North and Eaſt 110 
Miles; and then finds by Obſervation, that ſhe hath 
raiſed the Pole 1 Degree, or 60 Min. or Miles; I de- 


— mand the Courſe and Departure. | 


ia 41 

| A | | | 34 ; 

Sect. I. Plane Sailing Arithmetica. gy ks + 
For the Courſe. For the Departure. 1 a | 
1100 5043s 110 50 Sg. of Diſt. 12100 bi * 
1 110 60 Sq. Diff. Lat. . iy f 
| — 1100 3600 Diff. of Sq. 8 500 hi: bi ö 
JJ oO oe | 
12100 81 i; | 

182)400 44" 
364 | 41 9 . 

3 1 

19 


The Quotient 545 ſought in the Table, the neareſt 
given Number is 555, and againſt that for the Courſe, 
you have 5 Points, which is N. E. by E. becauſe the 
Courſe is between North and Eaſt, and the Departure 
is 92, for you need not regard the Fraction in the 
Square Root, it being but a ſmall Part of a Mile or 
Minute. is 5 


CASE V. Diſtance and Departure given, to find Courſe 
and Difference of Latitude. | 


The RUL E. 


Subtract the Square of the Departure from the 8g 
of the 3 Square - Root of the — ＋ 
the Difference of Latitude; and then find the Courſe 
2s in Caſe IV; only mind to find the Quotient in the 
Departure Column. . 5 


Queſtion. A Ship fails in the 8. W. Quarter 1 24 Miles, 
her Departure 95; I demand the Courſe and Difference 
ef Latitude. 


2 H For 
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For the Courſe. For the Diff. of Lat. 
124)95000(766 124 95 Sq. of Diſt.— 16376 
e 124 95 Sq. of Depart. 9025 
*760 —— — Diff. of Squares 6351 
1 BS : =-- 496 415 555 
5 :, 245 - bss. - .  Gagn(59 
124 een 49 
989253 eee 
15376 149) 1451 
—” CE: , = 
110 


The Courſe is S. W. 2 W. neareſt; for the greateſt 
iven Number to the Quotient 766 is 773, which is the 
Number for four + Points, or S. W. + W. and the Dif- 
ference of Latitude is 79, or rather 80, becauſe the 
Remainder of the Square Root is fo great: And here 
obſerve, for a general Rule, that becauſe the laſt Re- 
mainder in the Extraction is a Numerator to twice the 
Root for a Denominator ; therefore if the laſt Remain- 
der be more than the Root, add one ts the Root, and 
that will be the Root exact enough in this Caſe ; but if 
the Remainder be leſs than the Root found, the Root 
is the neareſt whole Number that anſwers the Queſtion, 
and you need not regard the Fraction at all: Thus in 
the Example, Caſe IV. the Root is 92, and the Re- 
mainder is but 36, and therefore I keep 92, for the De- 
parture, and reject the Fraction. But in the Example 
Caſe V. the Root is 79, and the Remainder is more than 
the Root, viz. 110; and therefore I add 1 to 79, and 
the Sum 80 is the Difference of Latitude required, and 
tin others. ts . 


casE 


ect. 1. Plane Sailing Arithmetical, 99 


C A 8 E VI. Di ference of Latitude and Departure given, 


to find the Courſe and Diſtance. 


The RULE. 


gguare the Difference of Latitude, and alſo the De- 
parture, atid add the two Squares together ; the Square 


Root of the Sum is the Diſtance required and then find 


the Courle, as in Caſe IV, or Caſe V 


Queſtion. A Ship fails in the N.W. Quarter, till her 
Difference of Latitude be 220, and her Departure 1083 


I demand the Courſe and Diſtance, 

For the Diftance. - 

220 108 Squate of Diff. Lat. 48400 
F Square of Departure 11664 
. . 864 Sum of the Squares | 60064 

44 1080 | 

— — 806004 

48400 11664 = 
„ „ 440200 

For the Courſe 176 

245% 200000897 48572464 

| 2400 | 2425 

395 


The Courſe is 2 Points and a Cnr,” or N. N. W. 
3 W. the Diſtance 245 Miles. 


* Althou b the Operation in this Caſe ſeems the moſt 
tedious of all the reſt, becauſe we have aſſumed greater 


Numbers for the Data cf the Queſtion, yet even in the 
_ greateſt Numbers, this Way is much more expeditious 


H 2- nn 


- TT 0 
Wo — 
- . 2 
— — — TAE - + — — — ww al "I — — 4 * 
= 2 — — — 9 _ _ 9 c — 


100 Mercator's Sailing Arithmetical; Chap. IV. 


than working by a Canon, as a little Practice will make 
manifeſt. | ” 


— — —_——— 8 


. . 
Mercator: Sailing Arithmetical. 


2 HAT I have wrote of Plane Sailing is alſo of uſe 
in Mercator's Sailing, ſo far as Courſe, Diſtance, 
Difference of Latitude, and Departure, are Terms ei- 
ther given or required; and the ſame Table of given 
Numbers is of equal Uſe in both; and as for the Dif- 
ference of Longitude, it bears the ſame Proportion to 
the Departure, that the Meridional Difference of La- 
titude bears to the true Difference of Latitude, by Eu- 
clid. Lib. 6. Prop. 4. and indeed by the Help of a Ta- 
ble of Meridional Parts, the whole Practice of Plane 
Sailing, as performed by given Numbers, may be re- 
duced to Mercator, by Euclid. Lib. 6. Prop. 4. For both 
being projected by a Plane Triangle, and the Courſe, 
whether given or required, being the ſame in both, 
there mult needs be the fame Proportion between the 
enlarged Diſtance, and the true Diſtance, (they being 
ſuppoſed to be the Hypatenuſe of 2 Equiangular Tri- 
angles) or between the Difference of Longitude and 
Departure, (the Perpendiculars of the ſaid 2 Equiangu- 
lar Triangles) as there is between the Meridional 
Difference of Latitude, and the proper Difference of 
Latitude, (being the Baſes of the ſaid two Tri- 
angles) and upon theſe Propoſitions the whole Fabrick 
of Mercator's Sailing is grounded; the exact Truth of 
which is proved not only by the Demonſtration of Eu- 
cid, in the Propoſition above- named; but alſo by com- 
paring the Queſtions thereby perfarmed with thoſe in 
the firſt Part, performed by a Canon, in which I ſhall, 
for the Reader's Satisfaction, refer to the ſaid Queſtion, 
as in the following Examples. 


CASE 


ect. II. Mercator's Sailing Arithmetical, 101 

CASE I. One Latitude, Courſe and Diſtance gi en, to 
find the other Latitude, Departure and Difference of 
Longitude. „„ 

e The RULE. 


Find Difference of Latitude and Departure, as in 
Caſe I. of Plane Sailing Arithmetical ; and then for Dif- 


ference of Longitude, the Proportion is, As proper 


Difference of Latitude, is to Meridional Difference of 
Latitude; ſo is Departure, to Difference of Longitude, 


Queſtion. A Ship in Lat. 30d. oom. North, fails N. W. 
by N. 987 Miles; I demand the Latitude come to; 
together with her Departure, and Difference of Longi- 
tude. e 


For Difference of Latitude. For Departure. 
987 N 
„ * „ 
296 5 4935 

| 7896 i | 4935 
— 4935 
81941 — 

. 547785 


Diff. of Lat. 8 19 or rather 8 20, Dep. 548, Merid. 


Diff. of Lat. 1519, then for Diff of Longitude; 
As 820 to 1319, fo 548 to Diff. of Longitude. 


1519 928020)8 3241201015 h 
548 124 9 
— 4212 
12132 . | — — 
6076 _ e 
7595 3 
332412 
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CASE II. Both Latitudes and Courſe given, to find the 
Diſtance, Departure, and Difference of Longitude, 


The RULE. 


Find the Diſtance and Departure, 2 as in Caſe the ſe- 
cond of Plane Sailing Arithmetical, and then find the 
Difference of Longitude, as in the firſt Caſe of Merce- 


tor Sailing. 


Out ion. A Ship fails fram a Port in Last 564. 
25m. North, and fails away N N. E. ſeveral Days, gone” 
then finds herſelf by Obſervation in Latitude 68d. 3om. 
North; 7 demand how far ſhe hath failed, and what is 
his Difference of Longitude * ES” 


| For the Diſtance. Por the Departure. 
 924)723000)784 — — 0s 
7820 — Y6Y 
4280 = — 
8 85 
384 „ 6280 
: W 
zool655 
As 725 to 1 59 3, ſo 300 to Diff Longitude. 
30 7250477900659 
— 5 
477900 56650 
Es 1. 


The Diſtance is 584 224, or rather 785, the Depar- 
| ture 300, and the Difference of Longitude 659 354» or 


CASE 


Set. II. Mercator's Sailing Arithmetical. 10 3 
CASE III. One Latitude, Courſe, and Difference of 


Longitude given, to find the "other Latitude, Diftance and 
Departure. 


The RULE. 


Add ſo many Cyp hers to the Difference of Longitude 
as you intend to 77 Fi igures in the 
divide by, and work as in Caſe III. of Plane Sailing A- 
rithmetical ; only obſerve, that whereas the Quotient 
there is the true Diſtance, becauſe you work by Depar- 
ture, here the Quotient is the en Diſtance or the 
whole Hy ufe contained between the Angle of the 
Courle, and the Top of the longeſt Perphndicular repre- 


ſentingtheDifference of Longitude; and then theenlarged 


found, Cn 


Diſtance being > of the enlarged 


Diſtance, ſubtra the Square of the Difference of Lon- 


gitude, che Square Root of the Remainder is the Me- 


ond Difference 6f Latitude, which being found, the 


one Latitude given, the other Latitude i is eaſily found: 
Then for Departure, it is only the former Proportion 


inverted, viz. As Meridional Difference of Latitude to 


proper Difference of Latitude, ſo Difference of 1 
tude to Departure. 


Queſtion. A Ship in Lat. 55d. oom. North, ſails 
N. N. W. half W. till her Difference of Longitude be 1d. 
or bom. I demand the Diſtance, Oy and Lati- 
tude came to, 


= theentarged Pika. 
60001 1 Square of the enlarged Diſtance 16285 
476 30 "ey bins Diff. of Longitude 3600 
60 — 
L Difference of the Squares — 12685 
31 3 8 2 
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1 2685(1 12 
3 | 
21)026 
21 


444 


141 


Merid. Parts of Lat. fair from 54d. oom. — $968 
MNerid. Diff. Lat. add — 


— 


Merid. Parts of Lat. come to — 56 o4 — 1081 
As Merid. Diff. Lat. 113 to proper Dif. Lat. 64, ſo 


is * Diſt. 128 to the true Diſt. 724. 


1 —113)8192(72 
64 = "ow 


512 | 5 '56 


For the Deter | 


As Merid. Diff. Lat. 113, is to proper Diff. Lat. 64 | 
fo is Diff. of Longitude 60, to Departure. | 


64 1130 3840 (33 Dep. or rather 34: 
„%% ab 


c 


3840 1415 


Sect II. Mercator Sailing Arithmetical. 10 5 


CASE IV. Both Latitudes and Diſtance given, to find 
the Courſe, Departure and Difference of Longituge. 


TheRULE. 


Find the Courſe and Departure, as in Caſe VI. of Plane 
Sailing Aritbmetical, and then find Difference of Longi- 
tude, as in Caſe I. of Mercator's Sailing Arithmetical. 


' Queſtion. A Ship in Lat. 55d. oom. North, fails be- 
| tween the North and Eaſt 86 Miles, and then is by Ob- 
fervation in Lat. 56d. 1om. N. I demand as above. 


See the ſame Queſtion in Mercator Sailing, Caſe V. 


For the Departure. 
86 Sq. of Diſt. —— 7396 - 2496(49 
86 70 Sq. of Diff. of Lat. 4900 16 


- > 
516 — Diff. of Sq. ” 89)896 | 


688 4900 
> — 
Fer the Courſe. For the Difference of Longitude: 
86)70000(813 7 As 70to 124, ſo 50 to Diff. Long. 
= ff. -. JaueanSs7y 
340 5 — 600 
92 : - 5 pot 


| The Departure 59, the Courſe N. E. f N. the Dif. of 
Longitude 887 or ther 89. e 1 
55 CASE 
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CAS E v. Both Latitudes and Dep eparture gi 
5 tbe Courſe, Diſtance, and Difference of I il. 


The RULE. 


Find the Courſe and Diftance, as in Cafe VI. of Plane 
Sailing Arithmetical ; and Difference of Longitude, as in 
the firſt Caſe of Mercator's Sailing Arithmetical, De © 


Queſtion. A Ship in Lat. 55d. om. North ſails between 
the North and Eaſt into Lat. 56d. 1om. North, her De- 


parture go Miles; I demand the Courſe, Dee and 
Difference of Longitude. 


For the Diſtance. 
70 50 Sq. of Diff. Lat. 4900 9400(86 
7 50 Square of Dep. 2 590 "a 


5 | | 5 ES” 


4900 2500 Sum of Squares | 7400 166)1000 


996 
= " 
Fur the Courſe. For Diff of Long. 
86)70000(813 As 70 to r24, ſo 50 to Dif. of Long 
120 . 
340 — 0)6200(885 
40 
The Courſe is N. E. 4 N. the Diſtance 86; the Die- 
rence of Lengitude 88 # or rather 8g, 


CASE 
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CASE VI. Both Latitudes and Difference of Longitude 
given, to find Courſe, Diſtance, and * 


The RU L E. 


Square the Difference of Longitude, and alſo Meri: 
dional Difference of Latitude, the _ Root of -w 
Sum of theſe two Squares is the enlarged Diſtance : 
Then, as Merid. Diff. of Latitude, is to proper Diff. of 
Latitude; fo is the enlarged Diſtance, to the true Di- 
ſtance: = then find the Courſe as in Plane — 
rithmetical, Caſe IV. 


Queſtion. Suppoſe two Places, one in Lat. 56d. 1 gm. 
North, the other in Lat. 38d. 35m. their Dit of Long. 
2d. 30m. or 150 Min. I demand the Courſe and Di- 
ſtance from the Southermoſt to the — 


Fu- the Diſance | 
150 - 260 — — 
150 260 
- — 
13 | $2 
OO. - 
Sg. of Mer. Diff of Lat. 67600 h 901000300 
4 Sq. of Diff. of Long. — 22500 = 
| Sym of the Squares 90100 60) O- 
OO EEE 000 
600)109 


As 
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As 260 to 140, ſo 300 to the Diſtance. 
300 269)420000(161 For the Courſe. 


— 160 161) 14000008669 
4200 9 . 400 , 
1540 

I40 —— 
ogr 


| The Diſtance 161. The Courſe N. N. W. Z W. 


CASE VII. One Latitude, Courſe, and Departure 
85 Fiven, to find the other Latitude, Diſtance, and — 
rence of Longitude. 


TheRULE. 


Find the Diſtance by Caſe III. of Plane Sailing Arith- 
metical, and the Difference of age as in Caſe V. of 


the ſame; and Difference of Longitude as in all the other 
Caſes hereof. 5 


Pueftion. A Ship in Lat. £89. vom. North, ſails 
8.80 W. half W. till her Departure be 60 Miles; I de- 
mand as above. 


I de Dion, i DE EL 
47060000125 127 60 
90. VTV 
360 e — 
—— 389 36000 
31 „ 5 
e . 
16129 « 


Square 
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Sq uare of Diſtance —— 16129 12529(111 | 
Since of Departure — 3600 1M 
Diff. of the Squares — 12529 21)025 
221)429 
221 
— = 
For the Difference of Longitude. 


As proper Diff. of Lat. 112, to Merid. Dif. Lat. 206, 
ſo Departure 60 to Difi. of Long: 


206 112) 123600116 
60 . 
12360 . 1 40 


The Difference of Latitude 112 Min. or r id. 52m. 
which ſubtracted from the Latirude ſailed from, becauſe 


the Courſe is Southerly, the Remainder is the Latitude 


come to, 56d. 8m. the Diſtance 0977 the Diff. Longi- 
tude 110. 


CAS E VIIL One Latitude, Diſtance, and Departure 
given, to find the other Latirude, _ and 5 
F Longitude, 


The R LU L. E. 


Find the cid? and Difference of Latitude as in 
Caſe V. of Plane Sailing Arithmetical ; then find the Dif- 
ference of Longitude as before. 

Queſtion. 
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Queſtion. A Ship in Lat. 58d. oom. North, ſails be- 


tween the South and Weſt 5 Miles, her Beparture 
50, Idemand the reſt; | 


For the —— of Latitade. 
127 Sq. of Dil. — 16129 125190111 
_ 60 Sq. of Dep. —3600 5 
— O — — 
889 — diff. of Squares 12529 21(025 
254 $000 - "= 
127 Ry RT — 
— Do, '221)429 
16129 . | — — 
For the Courſe. For Difference of Lag 
 127)60000(472 AS 112 to 206, ſo6o to Dif. Long 
920 5 bo 112)12360(110 
* 310 | — — Ea” *116 
2 | 12360 . 


"RE * © 40 
The Courſe S. S. W. 1 W. che Lat. come to 56d. : 
o8m. and Diff. of Long: p 10. 


s E Or. 


1 


SECT. UI. 


Parallel Sailing Arithmetical. 


TD EFORE I proceed to the Solution of the ſeveral 
Caſes of Parallel Sailing, I ſhall inſert a Table of 
given Numbers, which is equally uſeful in Parallel and 
Middle Latitude Sailing: for by thoſe Numbers the De- 


parture in Middle Latitude Sailing, (which is the Diſtance 
in a Parallel, or Eaſt and Weſt Courſe) is reduced to 


Difference of Longitude without any Logarithms, 
Sines, or Tangents, only by one Operation in Diviſion, 


the Uſe of which Table in Parallel Sailing is thus: 


When you have the Diſtance in the Parallel given, 
add fo many Cyphers to the Diſtance as you intend to 
uſe Figures in the given Number, and then divide the 


one by the other, and the Quotient is the Difference of 
Longitude : But if Difference of Longitude, and the 


Latitude is given, multiply the Difference of Longitude 
by the given Number belonging to that Latitdue, and 
from that Product cut off as many Figures as you mul- 


tiply by, and the reſt is the Diſtance ; and conſequently 
if Diſtance and Difference of Longitude be given, 


and Latitude required, add two, three or four Cy- 
phers to the Diftance, and divide that Sum by the Dif- 


ference of Longitude, the Quotient found in the Table 


is the given Number, anſwering to the Latitude re- 
quired, Sc. 5 


A TABLE 
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A TABLE of given Numbers for Parallel | 


B 


and Middle Latitude; the given N® for Lat. 
| ood. oom. being 10000. 
| Lat. N. | Diff Lat. Ne Diff. |Lat| N* | Dif. | 
| 1 ; 9998 | ...2 |'31 | 8572] ..88 | 61 | 4848 |. 152 
1 7994 432 8480| . 91624695153 
3 | 9586; 7338387 93 634840 155 
4 9976 10348250. 96644384156 
5 9962 14358191. 99 | 65 | 4226 | . 158 
6 | 9945 | 17368090. 101 | 66 | 4067 8 159 
79925 . . 20377986 . 104 | 67 | 3907 |. 160 
8 | 9902 | - « 23 38 | 7880| . 106] 68 | 3746 | . 161 
9 9877 2639 | 7771| - 109 | 69 | 3584 |. 162 
10 | 9848 | ... 29 | 49 | 7660| . 1.1 | 70 | 3420 | . 163 
[-.14-1]-9816 z {qr ] 5547 | - 183 478 13260 | 16g 
1 12978. 8 35 | 42 | 7431 |. 116 | 72 | 3090 165 
| 23 [9744 {+- 37 | 43 [7313] - 118 | 73 | 2924 |. 166 
| 14 {9703+ 4% 44193 - 120 [74 [2756 | . 167 
| 5 9659 44 45 70 - 122 | 75 | 2588 | . 168 
| 16 9613 „ 47466946 124762419 | . 169 
17 9563 „ 50 47 6820. 126 | 77 [2249] 170 
18 [g511 | .. 53 | 48 6691 129 ; 78 | 2079 | . 170 
19 | 9455 | - + 56 | 49 | 6560] . 131 | 79 | 1908 |. 171 
20 | 9397 | - « 59 | 50 | 6428 |. 133 | 80 | 1736 | . 172 
21 9336 2 516293. 135 | 81 | 1562 «073 
229272 . . Og | 52 | 6157 | . 137 | 82 | 1394 | . 172 
23 | 9205 | . . 67 , 53 | 6018| . 139 | 83 | 1219 173 
249135 70 | 54 * 141841045 174 
25 | gobz|..71 | 55 | 5735 143 | 85 [0871 |. 174 
| 26 | 8988 | .. 75 56 | 5592 | . 144 | £6 | 0697 | . 194 
27 | 8g10|..78 | 57 |5446| . 146 | 87 [ogz3 |. 174 
28 | 8829 | . . 81 | 58 | 5299 | . 147 | $8 | 0345 [ 174 
29 j 8740 | 59 | 5150} . 149 | 8g joi7g | . 174 
| „ 86. 60 86 60 | co-o)! 1508, 00 | 2002 | . 170 
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The Uſe of this Table of given Numbers for Paral- 
lel and Midale Latitude Sailing, is partly laid down in 
the Page preceeding the Table, and ſhall be further ex- 
emplified in the ſeveral Caſes of Parallel and Middle La- 
bitude Sailing; and the ſame Cautions are to be obſerved 
in the Uſe of this, that were to be obſerved in the firſt 
Table of given Numbers, viz. That for Plane Sailing 


Arithmetical ; for if the third Figure of the given Num- 


ber be a Cypher, or 1 or 2, you need uſe but two Fi- 
gures (unlefs your Queſtion be propoſed in very great 
Numbers;) or if the third Figure be 8 or 9, you may 


add one to the ſecond Figure, and ſo proceed in your 


Work : But in this Table, as alſo in that of Plane Sailing, 
if your Queſtion be propounded in Numbers conſiſting 
of three or four Figures, it is beſt to uſe at leaſt as ma- 
ny Figures of the given Number, as there is in the 
Data, or given Terms of your Queſtion, as we ſhall 
make evident by the ſucceeding Examples. 


4 


Degrees of Latitude; the Numbers to the intermediate 

Minutes being eaſily found by proportioning the Dif- 
ferences ſet down in the third, ſixth, and ninth Columns 
of the Table, the Uſe of which is this: Suppoſe in a 


Parallel Courſe, the Latitude of the Parallel (or in a 
Middle Latitude Queſtion, the Middle Latitude) be 62 
Degrees, and I deſire to find in the Table the given 
Number to that Latitude; I look in the Table under 


[Lat.] and find 62, and againſt it, under [Num.)] you 
find 4695, the given Number required : But if you 
would find the given Number for Lat. 59d. 3om. I look 


for the Number for Lat. 60, and find 5000, and it 
being a Latitude between 59 and 60, I look againſt 60, 


under [ Diff.] for the Difference (for the Difference be- 


tween the given Numbers for both Latitudes is always 
- againſt the greater Catitude) and the Difference is 150, 
therefore I take Half of 150, becauſe 30 Minutes is 


half a Degree, and add it to the given Number for 60 
Degrees, viz. 5900, the Sum 5075 is the given Num- 


ber 


I have ſet down the given Numbers, only to whole 
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ber for the Lat. 59d. 30m. which was required to be 
Known. 

Note; The given Number for Lat. od. om. is 10000, 
and from thence, as the Latitude encreaſes, the Num- 
bers decreaſes, ſo that the Number for Lat. 90 is 0000; 
hence the greater the Latitude 1s, the leſſer 1s the given 
Number; therefore obſerve always when you would find 
the Number to any Latitude conſiſting of Degrees and 
Minutes, take the given Number to the bigger Lati- 
tude, and to that add the Proportional Part of the Dif- 
ference found againſt the bigger Latitude, the Sum is 
* given Number required. One Example will make 

lain. 

et I defire to know the given Number for La- 
:icude 45d. 40m. the Number for 46 (the bigger Lati- 
rude) is 6949, and the Difference 124; one Third of 
which, vz. 41 neareſt, added to the Number 6946, the 
Sum 6987 is the Number required. 
But if you want the given Number to any odd Mi- 
nutes, which are not an even Part of a Degree, as half, or a 
third, Sc. you may find it by Proportion if you would 
de very exact, and the Proportion is, As 60 Min. is to 
rhe whole Diff-rence; ſo is the Minutes, which the 

ven Latitude wants of the bigger Latitude, to the 
Number to be added to the given Number of the big- 
ger Latitude. 

7 defire to know the given: Number for Latitude 43d. 
24m. 
The Latitude 43d. 24m. wants 36 Min of 44 Deg. | 
therefore, as 60 to the Difference 120, ſo 36 to 72 
hich added to 7192, the given Number for the bigger | 
Latitude, the Sum 7265 1 is the Number for Lat. 43d, 
24M. required. 

Nete; If you uſe all the 8551 ume of the given 
VN Number, the Difference is as it is expreſſed in the Ta- 
ble; but if you cut off one Figure dr two, &c. from 
the given Number to the Richr-hand, you muſt alſo 
Cut of as many from the Difference, and the Remainder : 
| is 
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is the Difference; only if the laſt Figure of the Diffe- 


rence be 8 or 9, you may add one to the third Figure, 
as in the other Caſes before mentioned; the Reafon is 
evident to them that underſtand Decimals. 


Example. 1 defire to know the given Number for La- 
titude 69d. 45m. I cut off one Figure to the Right-hand 
of each collateral Number, viz. Latitude 69, and La- 
titude 70, and then the Numbers are 358 * 342 : 


And ſeeing 1 cut off a Figure from the Number, I 


muſt alſo cut one off from the Difference, and then the 
Difference is 16, which uſed according to the foregoing 


Rules, the given Numbers for Latitude 69d. 45m. 


will be found to be 346, and ſo in others. 


CASE l. Ta wo Ships or Places in one Parallel, their 


Latitude and Diſtance __ to find their " Difference of 


SN... 
The R U L E. 


Add ſo many Cyphers to the Diſtance as you think 


to uſe Figures in the given Number, and divide by the 


given Number for the Latitude of the Parallel, the - 


Quotient is the Difference of Longitude. 


Veeſtion. Two Ships in Latitude god. om. diſtane' 


76 Miles ; 3 I demand their Difference of Longitude. 


The given Number for Latitude 30 is 6428, but if”. 


I cut off one Figure to the Right-hand, it will be 642; 3 
but becauſe the laſt Figure, viz. that to the Rig 


hand, which I cut off, is 8, I add one to the third, i 
then it will be 643; and becauſe I uſe three Fi igures of 


the given Number, I add three Cyphers to the Diſtance, 
and then divide one by the other, according to the a- 
foreſard Rule; and che Work will ſtand thus: 


12 643) 760 (118 
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643)76000(118 The Diff. of Long. 118 Min. or 1d. . 
1170 | 


5270 


126 


Or if I cut off two Figures, the reſt to work wich will 
be 64, and then I add but two Cyphers to the Diſtance 
(becauſe I uſe but two Figures of the given Number) 


and the Work will ſtand thus : 
-64)7600( A The ſame Vith thẽ fore- 
„ going VIE, 
560 2 
48 


CASE II. Two Places in one Parallel, the Latitude, 
and Difference of Longitude given, to find their Diſtance. 
The RULE. 

This i is ; only th former Caſe averted; "for having 
found the given Number for the Latitude, multiply 
the Difference of Longitude by it, and from the Pro- 
duct cut off as many Figures as you multiply by, and 
the reſt i the Diſtance required; and thoſe cut off are 
a Decimal Fraction to be underſtood as in the Rules 
laid down at the Beginning of Plane Sailing Arithmetical. 
Queſtion Two Places in Latitude go, their Difference 
of Longitude 118; I demand their Diſtance. 

. 6 

118 

—— ; 
5144 The Diſtance 75. 40 rather 76. 
3. 

643 


CASE. 


n 
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CASE III. T wo Places, their Diſtance and Difference 


of Longi tude given, to find the Latitude they are in. 
The RULE. 


Add three or four Cyphers to the Diſtance. awd &- 
vide that Sum, by the Difference of Longitude, the 
Quotient is the given Number for the Latitude required. 
Aueſtion. A Ship ſails due Weſt 2700 Miles, and then 
finds her Difference of Longitude to be 4200 Min, I 


demand what Latitude the Ship is in? 


4200)2700000{642 
180 
12000 


; = — 
ä — —— 


— 9 * 


3600 


By adding three Cyphers to the 1 and 8 
ing as before directed, you find the Quotient 642 3 
if you add four Cyphers, it will bring out four Fi en 
in the Quotient, w#z. 6428, which found in the Table, 
you find it againſt Latitude 50, which is the Latitude 


of the Parallel required, 1 . 


CASE IV. Two Ships ſailing directly North or South, 
their Diſtance in one Paraliel gi Ven, to find their Diſtance 
in the other Parallel. | 


The R U L E. 


Find the given Numbers for each Latitude, and ſay 
by the Rule of Three : As the given Number for the 
firſt Latitude, is Yo the given Number for the ſecond 
Latitude; fo is the Diſtance in the firſt Latitude, to the 
Diſtance in the ſecond Latitude. 


13 Quseſtion 
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Dueftion. Suppoſe two Ships in Lat. 30, diſtant 200 
Miles, fails both directly North into Lat. 73d. om. I 
demand their Diſtance in that Parallel. 
Here we ſhall uſe but the two firſt Figures of the 
given Numbers, becauſe the third Figure in each Num- 


ber is but ſmall, viz. 2: And then by the foregoing 
Rule, | 


As 64 to 2 9, ſo 200 to the Diſtance in Lat. 73. 


29 64)5800(go 
40 
5800 = 


Their Diſtance in toe 73, is 9⁰ 55 Or (if you 
will avoid Fractions) gr Miles. 


EASE v. Two Ships in one Parallzl, with their Diſtance . 
in that Parallel given, and ſailing both direftly North or 
South, with their Diſtance in the Parallel ſailed, . 
to TI the Latitude come to. | 


The RUE E. 


This 18 cnly the former Proportion i in (Cafe IV.) in- 
verted, viz. As the Diſtance in one Latitude, is to the 
Diſtance in the other Latitude; ſo is the given Number 
for one Latitude, to the given Number for the other 
Latitude. - | 
Queſtion. Two Ships in Lat. 50, diſtant 200 Miles, 

fil both directly North, till they are but 91 Miles dif- 


tant; I demand the Latitude come to? 


As 200to91, ſo 64 to the given Number for the La. 
titude come to. 


91 


64 2000582402 29 
— |; - 
546 | 24 
. 5824 


The Quotient 29 is the two firſt Figures of the given 
Number tor the Lat. come to, viz. Lat. 7 3d. om. 


— All 
„ —— 
— — 


S$RCT. . 
Middle Latitude Sailing Arithmetical. 


N working the ſeveral Caſes and Queſtions of Mid. 

ale Latitude Sailing, we ſhall have Occaſion to make 
Uſe of both the Tables of given Numbers; for in all 
Caſes or Varieties, where the Courſe, Diſtance, Diffe- 
rence of Latitude, and Departure, are Terms either 
given or required, the Operation is performed by the 
firſt Tabie, as in Plane Sailing; but when Difference of 
Longitude 1s a Term in the Queſtion, (whether given 
or required) the ſecond Table is of Uſe, as will appear 
by the following Examples. 


CASE I. One Latitude, c. and Diſtance given, to 


find the other Latitude, Departure, and Difference of 
Longitude, 


The RULE. 


By Courſe and Diſtance, find Difference of Latirude 
and Departure, (and conſequently the other Latitude) as 
in Caſe I. of Plane Sailing Arithmetical ; and then for the 
Difference of Longitude, it is found by the ood 


14 a0! 
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Table thus: Find the given Number for the Middle 
Latitude, of which you may uſe two or three, or four 
Figures, according to the Rules laid down at the be- 
ginning of Plane Sailing, and alſo at the beginning of 
Paro/le! Sailing Arithmztical , then to the Departure add 
ſo many Cyphers to the Right-hand, as you intend to 
uſe Figures in the given Number; that Sum divided by 
the given Number, the Quotient is the Longitude re- 
quired. | 


Quieſtior. A Ship in Lat. god. oom. North, fails N. W. 
by N. 987 Miles: I demand the Latitude come to, with 
Departure, and Difference of Longitude. 


For the Difference of Latitude and Departure by the 
firſt Caſe of Plane Sailing Arithmetical. 


Fir Diff. of Lat. For the Departure. 
997 „ 97 
3 556 
2961 365925 

7896 1 4935 
5 4935 

819121 — 

| 5481772 


Although the three firſt Figures of the given Number 
(to find your Departure) for that Caurſe be 555, yet the 
Jaſt Figure being 6, I cut it off and add 1 to the third 

Figure, and call it 556, as in the Operation above, and ſo 

the Difference of Latitude is 819, or rather 820, and the 

Departure 549, allowing one for the Fraction. 


Then for the Difference of Longitude. 


The Diff. of Latitude being 820 Min. or 13d. 4om. 
the Latitude come to is 63d. 40m. and conſequently the 
Middle Latitude is 56d. 30m. the given Number for 

that 
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that Latitude (found by the Rules laid down in the be- 
ginning of Parallel Sailing) is 5470 ; but the laſt Figure 


being a Cypher, I cut it off, and work with the ele as 
in the Rule above, and the Operation ſtands thus: 


547)549000(1003 The Difference of Longitude 


2000 is 1003 Min. or 16d. 43m, 
Weſt. 


"259 


CASE II. Both Latitudes and Courſe given, to find the 
Departure, and the Difference of Longitude, 


The RULE. 


Find the Diſtance and Departure, as in 1 Caſe the ſe- 
cond of Plane Sailing Arithmetical, and then find the 
Difference of Longitude, as in the firſt Caſe of Middle 
Latitude Sailing Arithmetical. 
' Note; In Middle Latitude Sailing Arithmetical, this 
Way of finding the Longitude anſwers in all the Caſes 
rale and therefore I ſhall not need to mention it in 
any of the reſt, 

Queſtion. A Ship takes her Departure Com a Port in 
Latitude 56d. 25m. North, and fails N. N. E. till ſhe 
finds herſelf to be by Obſervation in Latitude 68d zom. 
North; I demand the Diſtance failed, with her A 
ture, and Difference of Longitude. 


The Difference of Latitude i is 1 2d. 05m. or 725 Min, 


For the Diſtance. For the Departure. 
924) 725000784 5 785 
. 5 383 
420 ———— 
——_ - 2355 
584 | 6280 
5 2355 
3901655 


The 
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The Middle Latitude 62d. 28m. 8 
T be given Number for 62d. 28m. is 4622 


Then for the Difference of Long itude. 
461)301000(652 


2440 
1350 


428 


The Diff. 785; the Departure 301; the Diff. of 
Longitude 653 Min. or 10d. 53m. 


CASE III. Both Latitudes and Diſtance given, to find 
the Courſe, Departure and Difference of Longitude. 


The RULE. 


Find the Courſe and Departure, as in Caſe IV. of 
Plane Sailing Arithmetical, and the Difference of Longi- 
tude, as in other Caſes hereof. = 


Queſtion. A Ship in Lat. 55d. oom. ſails between 
the North and Eaſt 86 Miles, and then finds herſelf by 
Obſervation in Lat. 36d. 10m. her Courſe, Departure, 
and Difference of Longitude, is required. 


For the Departure by the Square Rot. 


86 70 Square of the Diſtance 7396 
6 7o Square of the Departure 4900 
516 4900 Diff. of the Squares — 2495 


* 


2496 
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2496049 The Departure 30 neareſt, becauſe the 


16 Fraction is more than the Root by the 
— general Rule in Caſe V. of Plane ban 
89) 896 | . | 
801 
7 8 
For the Difference of Long. For the Courſe. 
The Midd. Lat. is 55d. 35m. 86)70000(813 
The given Number 5652 15 —_— 
FCC 
4800 — 
82 
280 


The Departure 50; the Courſe N. E. 2 N. and the 
Difference of Longitude 88 f fere. 


CASE IV. Both Latitudes and Departure given, 15 find 
the Courſe, Diſtance and Difference of 4 = 
The RULE. 


Find the Courſe and Diſtance by Caſe VI. of Plain 
Sailing Arithmetical ; and Longitude as in the other Caſes. 
 Queſioon. A Ship i in Lat. 55d. om. North, ſails be- 

tween the North and Eaſt into Lat. 56d. 10m. North, 
her Departure 30 Min. or Miles, the Courſe, Diſtance 
and Difference of Longitude are required. 

The Difference of Latitude is 70 Miles. 


For the Diftance by the Square Ron. 


70 50 Square of Diff. Lat. 4900 7 400(s 6 
_— 50 Square of Dep. — Ba 64 1 8 85 


4900 2500 Sum of Squares — 7400 166)1000 


cot 
For 
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For the Courſe. For the Diff. of Long 
86)70000{ $13 The Mid. Lat. 7 þ 35m. 
120 The given Numb. 5652 
340 
ww  $65)50000(88 
82 4800 
280 


The Diſtance 86; the Courſe N. E. 43 N. the Diff. of 


Longicud 88 3 Min. or 1d. 28m. Faſt. 
= C AS E V. Beth Latitudes and Differen ce of Longitude 


given, to find Courſe, Diſtance, and Departure. 
The R U L E. 
In all Caſes where the Difference of a 18 


given, and Departure required, the Operation is but 
the Inverſe of that for finding Difference of Longitude 
when Departure is given; for if the Departure, with 


Cyphers added to the Right- hand, and divided by the 
given Number for the Middle Latitude, produce the 
Difference of Longitude; then the Difference of Lon- 
gitude, multiplied by the given Number for the Mid- 


dle Latitude, muſt needs produce the Departure, with 


Figures to be cut off; becauſe any Quotient multiplied 


by the Diviſor produceth the Dividend; therefore, to 
find the Departure in this Caſe, multiply the Difference 


of Longitude by the given Number for the Middle La- 


titude, "and from the Product cut off as many Figures 
to the Right-hand as you multiply by, and the reſt is 
the Departure: thus having the Difference of Latitude 


and Departure, find the Courſe and Diſtance, as in Cale 
VI. of Plane _—_ Arithmetical. | 


ueſtion, 
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Queſtion. I demand the Courſe, Diſtance and Depar- 
ture between two Places, one in Lat. 569. i 5m. North, 
the other in Lat. 58d. 35m. North, their Difference of 


Longitude I50 Min. or 2d. zom. 
Fer the Departure. 


The Middle Latitude * 574. 25m. and the given 
* 53 


5384 
_ 


265200 
5384 


. 8017600 
For theCourſe. For the Diftance by the Square Root. 
161)14000{(86g 140 81 Sq. of Diff Lat. 19600 


1120 140 B81 Square of Dep. 6561 

1540 — — — — 

— 6600 81 Sum of Squares 261 61 
„„ 648 . 


— — 26161161 
19600 6561 1 
21065 
Tye 
321)561 
e 


4 5 F 
o N : 


240 

The Diſtance is 161; ; the Departure 80 775, or (to 
avoid Fractions) 8 1; the Courſe 2 4 Points to the Eaſt- 
ward or Weſtward of the North or South, according to 


the Denomination of the Lon * whether Eaſt or 
Weſt, T heſe 
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Theſe being the moſt-uſeful Caſes, I ſhall (as in Mid. 
dle Latitude Sailing Trigonometrical) ſet down only the 


Data and Qugſita of the reſt, with Rules for working 
them, and leave the Operation for the Learner's Practice. 


CASE VI. One Latitude, Courſe, and Departure given, 


to find the other Latitude, Diane, and Difference of 
Longitude. 


The RULE. 


Find the Diſtance and Difference of Latitude, (and 
_ conſequently the other Latitude) by Caſe III. of Plane 


Sailing Arithmetical, and Difference of Longitude as in 
the other Caſes. 


C A SE VII. One Latitude, Diſtance and Departure given, 
- to findibereſt. 


The RULE. 


F ind the C ourſe and Difference of Latitude by Caſe 


V. of Plane Sailing Arithmetical, and Difference of Lon- 
gitude as before. 


CASE VIII. Courſe. Departure and Di erence of Lon- 
__ grtud? given, to find beth Latitudes and Diſtance. 


The RULE. 


Find Diſtance and Difference of Latitude by Caſe III. 
of Plane Sailing Arithmetical; then divide the Departure 
(with Cyphers added on the Right- hand) by the Diffe- 
rence of Longitude, the Quotient is the given Num- 

ber for the Middle Latitude, conſiſting of as many Fi- 
gures as you added Cyphers ; and the Middle Latitude, 
and Difference of Latitude, thus given, or found, the 
other Latitude is eaſily found; but becauſe Departure 
and Difference of Longitude are given, to find the Mid- 
dle Latitude, 5 conſequently both Latitudes) is a 


Vatiety 
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Variety that we have not had an Example in, I ſhall 
inſtance in one Queſtion for the Reader's. Practice. 


Queſtion. A Ship ſails N. N. E. till her Departure be 


| 301, and Difference of Longitude 8920 1 demand both 
Latitudes and Diſtance? 


For the Diſtance. For Diff. Lat. by the Square Nuor. 


 383)zo1000(78B5 785 . 
329 „ 
2260 | —ꝛ— — 
— 3925 301 
345 68280 9030 


— — — 


— 
. 


Square of the Diſtance — — 616225 
Square of the Departure — — 90501 


. 


Difference of the Squares — — 323624 


Fer the Middle Latitude 525624 24 
6 61) 3010000462 142)356- 
4060 MM >"; 
N — — 
— 1445)7224 
238 ED 5780 
1444 


The Number 462 is the three firſt Figures of the 
given Number for the Middle Latitude, which anſwer 
to Latitude 62d. 28rg. then half the Difference of La- 
titude added to, and ſubtracted from the Middle Lati- 


tude, gives the two Latitudes 56d. 25m. and 68d. 
ou, and the Diſtance 1 is 785, 


N, ates 3 
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Nete; Although the Difference of Latitude comes 
out but 724, yet the Fraction is ſo great that if the 


Number had been but one Unit more, the Root had 
been 725. 


CASE IX. Middle Latitude, Courſe and Diſtance given, 
zo find both Latitudes, — and Difference of Lon- 
gitude. 


The R U L E. 


By Courſe and Diſtance find Difference of Latitude 
and 8 by Caſe I. of Plane Sailing Aritbmetical, 
and then find Difference of Longitude, as in other Caſes. 


CASE X. Courſe, Diſtance, and Difference of Longi- 
tude given, to find both Latitudes and Departure. 


The RULE. 


Find Difference of Latitude and Departure by Caſe I. 
of Plane Sailing Arithmetical, and then find Middle ts 
titude, and RIG. emp both e by Cafe VIII. 
hereof. 


E AS E Xl. Courſe, Difference of Latitude, and Dif- 
rence of Longitude given, to find both Latitudes, Diflance 
and Departure. 


* 


The R U L E. 


Find the Diſtance and Departure by Caſe II. of Plane 
Sailing Arithmetical, and then find M dale Latitude, and 
a 5 Latitudes by Caſe VIII. hereof, 


CASE 
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CASE XII. Middle Latitude, Courſe, and Difference 
| of Longitude given, to find both Latitudes, Diſtance and 
Departure. 3 
e Tu RU ALA 
For the Departure, multiply the Difference of. Lon- 
gitude by the given Number for the Middle Latitude, 
and from the Product cut off as many Figures to the 
Right-hand as you multiply by, and the reſt is the De- 
parture; and thus having the Courſe and Departure, 
you may find the Diſtance and Difference of Latitude, 
and, (by the Help of Middle Latitude) both Latitudes 
by Caſe III. of Plane Sailing Arithmetical. | 


CASE XIII. One Latitude, Departure, and Difference 


of Longitude given, to find the other Latitude, Courſe, 


Cf The RUL E. | 

Find the Middle Latitude by Caſe VIII. hereof, and 
then having one Latitude, and Difference of Latitude, 
the other Latitude is eaſily found; and thus having both - 
Latitudes and Departure, find Courſe and Diſtance by 
Cafe VI. of Plane Sailing Arithmetical, | 
And thus have I gone thro' the thirteen Caſes of 
Middle Latitude Sailing Arithmetical, where in the firſt five 
Caſes, in which there are Queſtions propoſed and 
wrought, I have ſet down the very ſame Queſtions here 
that are in Middle Latitude Sailing Trigonometrical, that 

the Reader may ſee the exact Harmony between the 
 Trigonometrical and Arithmetical Operations, and conſe- 
quently may be convinced of the Truth and Certainty 
of this Way of working, ſo far as Middle Latitude Sailing 
is to be depended upon; and although Middle Latitude 
Sailing deviates ſomewhat from Mercator, eſpecially at 
a great Diſtance From the Equinoctial, or where the 
Queſtion is propoſed in great Numbers, yet it may be 
of great Uſe, in keeping a Reckoning; becauſe, in a 
ſingle Day's Work (which ſeldom exgeeds 30 or 40 

2 K . Leagues) 


| 
| 
' 
| 
| 


— 
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Leagues) the Difference is ſcarce diſcernable ; and al- 
ways obſerve, that if through Haſte you cannot take 


Time to reckon the Middle Latitude exactly to a Mi- 
nute, take rather a Latitude too great than too little 
for Middle Latitude, and that will leſſen the Error, as 


I hinted in Middle Latitude Sailing Trigonometrical. Caſe I. 


. k 3 , _ n 4 - * 4 a P 
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Plane Saili ng Inſirumental. 


K ITV Intent in this Section of Infirumental Naviga- 
tion, is not to write a large Treatiſe of all the 


Inſtruments that are uſeful in Navigation, for that 
would take up too large a Part in this ſmall Treatiſe; 
but I ſhall here ſhew, how all the Propoſitions in Plane 


Sailing, Mercatorr, c. (which are in other Parts of this 


Treatiſe ſolved Geometrically, Trigonometrically, Arith- 


metically, &c. may be ſolved Inſirumentally, viz. by Scale 
and Compaſſes; and here I ſhall confine myſelf only to 
the Uſe of Gunter's Scale, it being an Inſtrument fo 
common and expeditious for Inſtrumental Operation, 
that few that are inclined to improve themſelves in the 
Knowledge of Navigatien, go to Sea without it. In 
order to the right Underſtanding ef which, it is neceſ- 
iary, firſt, to give a Deſcription of that Part of the 


Scale which ſerves for our preſent Pufpoſe, and then 


proceed to the Uſe of it. 
N h The 
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The firſt Line next the Top, commonly marked S. R. 
is the Sine Rumbs, and is numbered 1, 2, 3, 4, 5, 


6, 7, and ends at the Braſs Nail with 8, which is Rau- 


dius, becauſe 8 Rumbs or Points of the Compaſs, is a 
Quarter of the whole Circle, and therefore equal to 90 
— ᷣ v 2 
Ihe next Line marked T. R. is the Tangent Rumb, 
and this Line is numbered 1, 2, 3. and then at the 
Braſs Nail 4, the Tangent of 4 Points, or 45 Degrees, 
being equal to Radius, and then proceed back towards 
the Left-hand with 5, 6, 7, the Tangent of 8 Points, 
7 2 oj - 4 
Theſe Sine Rumbs and Tangent Rumbs, are only 
uſeful in Navigation. The Sine Rumb, or Tangent 
| Rumb, being only the Sine or Tangent of the Degrees 
and Minutes anſwering to thoſe Rumbs : Thus, becauſe 
1 Point of the Compaſs contains 11d. 15m. therefore 
the Sine of 1 Point is equal to the Sine of 11d. 15m. c. 
Alfo three Points are 33d. 45m. therefore the Sine of 
3 Points, in the Sine Rumbs, is exactly the againſt the 
Sine of 33d. 45m. in the Sines, and the Tangent of 3 
Points is right againſt the Tangent of 33d. 45m. Sc. 
The next Line being the third in order, marked 
( Numb.) is the Line of Numbers, which is numbered 
from the Left-hand with 1, 2, 3, 4, 5, 6, 7, 8, 93 
I, 2, 3, 4, 5, 6, 7,8, 9, 10. The Diviſions of 1, 2, &c. 
being the greateſt, and growing leſs towards 9, Sc. 
Theſe Diviſions being divided each into 10 Parts, and 
every one of theſe again ſubdivided (where Room 
will permit) into ten Parts, and are thus read: If 
you call 1 at the Left-hand 1, then the next 2 is 
2, and ſo on 3, 4, 5, &c. to 9, and the 1 on the Mid- 
dle is 10, and the next 2, 3, 4, Sc. is 20, 30, 40, 
Sc. and the 10 at the Right-hand is 100, and thus, 
wien 1 in the Middle is 10, and the 2 is 29; 
Sc. then every one of the 10 leſſer Diviſions between 1 
and 2 is 1: Thus 1 being 10, the next ſmaller Diviſion 
is 11, and the next 12, where there is commonly a Braſs 


K 2 Nail, 


— 
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Nail, and fo on, to 13, 14, 15, Sc. till you come at 

the 2 for 20, and 3 for 30, and fo in the reſt, 
But if you make 1 at the Left-hand 10, then 1 in 


the Middle is 100, and 10 at the Right- hand is 1000, 


and then every of the leſſer Diviſions, which before 
was reckoned 1, is now reckoned 10, c. Thus the x 


at the Middle being 100, the next ſmall Diviſion (which 


before was called 11) is now 110, and the next where 


the Braſs Nail is, 120, &c. and then every one of the 


ſmalleſt Subdiviſions, is called 1. Thus ſuppoſe I 
would find 125 on the Scale, I call 1 in the Middle, (or 
at the Left-hand) 100; and counting 2 of the ſmall 
Diviſions further (which is juſt at the Braſs Nail) and 
then 5 of the ſmalleſt Subdiviſions, there I hold my 
Compaſſes, it being the Number required; but it muſt 
be obſerved that all Scales are not graduated alike, as 
to the Subdiviſions ; ſome of them (for the ſake of 
Cheapneſs, or ſaving Trouble) having one Subdiviſion 


put for two, and therefore the Value of theſe muſt be 


eſtimated accordingly ; however a little Practice and 
The next Line is the Sines marked at the Right-hand 
[ Sines] and numbred from the Left-hand, 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 20, 30, 40, 30, 60, 70, 80, 9o, the longer 
Subdiviſiens between 10 and 20, and between 20 and 
30, Sc. being each 1 Degree; but the Degrees under 
20 are ſubdivided into 6 Parts, each Part being 10 Mi- 


nutes; and where the Degrees are divided into 4 Parts, 


each. Part is 15 Min. Fc. Thus ſuppoſe I ſeek the 


Sine of 23d. 2om. firſt I find 20, and then count 3 f 
the bigger Subdiviſions which are 23; and then 2 of 


the ſmalleſt Subdiviſions for 30 Min. (becauſe the De- 


gree is divided into 4 Parts) and that is the Point re- 
preſenting the Sine of 23d. gom.. where there is com- 
monly a Braſs Nail, as at 12 on the Line of Numbers. 

The next Line is Verſed Sines marked. [/. Sines] of 
which there is ſeldom Uſe made in the common Prac- 
tice of Navigation, and theſe are reckoned from the 


Right-hand towards the Left, a 


Sect. I. Plane Sailing Infirumental, 13 ; 


The next is Tangents, marked at the Right-hand 


[ Tang. ] they proceed from the Left-hand to the Right, 


from 1 to 45, and then back to the Left-hand towards 


go, the Subdiviſions are underſtood in all Reſpects, as 


thoſe of the Line of Sines, and therefore need be no 
further explained. | : 


By this Scale, and a Pair of Compaſſes, may be per- 


formed all the Problems in Trigonometry and Navigation, 
in all their Parts. As they are ſolved elſewhere in this 
Treatiſe by Geometrical Conſtruction, and by Arith- 
metical Calculation, fo here I ſhall ſhew how they may 
be ſolved by Inſtrumental Operatian ; and here, what- 
ever the Queſtion be, the Proportion for anſwering it is 
the ſame as in Trigonometry, by Logarithms, Sines and 
Tangents; only whereas in Natural Numbers, the Ope- 
ration is e by Multiplication and Diviſion 
(where three Numbers are given to find a fourth) and 


in Logarithms it is done by Addition and Subtraction; 


ſo here it is performed by taking in your Compaſſes the 
Diſtance upon the Scale, between the firſt and ſecond 


given Terms, and the ſame Extent will reach from the 


third given Term to the fourth Term required; but 
becauſe, if the ſecond Term have the ſame Proportion 
to the firſt, that the fourth hath to the third, then the 


third will have the ſame Proportion to the firſt that the 


fourth hath to the ſecond, by Euclid, Lib. 5. Prop. 16, 
and therefore when the firſt and third Terms are both 
of one Denomination, viz. both Sines, or both Tan- 
2 or both Numbers, as it happens in moſt Que- 
tions in Navigation, and where the ſecond and fourth 
are alſo of one Denomination, I would rather adviſe to 


extend from the firſt to the third, and by that Means 
you keep along one Line, whether Sines, Tangents, or 
Numbers; and then the Proportion and Anſwers will 


come out the ſama as by Trigonometrical Calculation. 
And becauſe the Proportions in this Manner of work- 
ing are the ſame as in the Logarithmetical Operations, 
I ſhall not be at the Pains of running over all the parti- 
| — | _ cular 
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reach on the Line of Numbers from the Diſtance 123 
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cular Caſes of Plane Sailing and Mercater, c. as in the 
Geometrical and Trigonometrical Parts hereof ; but ſhall 


only inſtance in ſome few Queſtions, and thereby ſhew 
the Learner how all the reſt may be deduced from the 


Proportions elſewhere laid down in the Trigonometrica! 
Part. Ct 


Example in Plane Sailing, 
CASE I. Curſe and Diſtance given, to find the Difft- 
rence of Latitude and Departure. 
A Ship fails N.W. by N. 123 Miles; I demand her 
Difference of Latitude and Departure. 
Firſt, For tbe Difference of Latitude. 


You may obſerve in the Trigonometrical Part, that the 
Proportion is, As Radius is to the Diſtance; ſo is Sine 
Complement of the Courſe, to Difference of Latitude; 


here the Courſe being N. W. by N. that is, three Points 
therefore from the Meridian, its Complement is five 
Points; therefore extend on the Sine Rumbs from 


Radius (the braſs Nail at the End) to five Points; the 


ſame Extent will reach on the Line of Numbers from 


223 to 102, the Difference of Latitude required, 
Then for the Departure. 


The Proportien in Trigonometry is, As Radius is to 
the Diſtance ; ſo is Sine of the Courſe, to Departure; 
therefore extend from Radius to 3, on the Sine Rumbs, 
the ſame Extent will reach from the Diſtance 123 (on 


the Line of Numbers to 68, the Departure required. 


Note; The ſame may be performed on the Line of 


Sines; for if you extend from Radlus to Sine of 33d. 
45m. (the Courſe reckon'd in Degrees and Minutes, 


allowing 11d. 15m. to a Point) the ſame Extent will 


to 
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to the Departure 68, as before; and for Difference of 
Latitude, extend from Radius, to Sine Complement 
of the Courſe, 56d. 15m. the ſame Extent will reach 
from the Diſtance 123, to the Difference of Latitude 
102, and ſo in others. 


Thus in Plaue Sailing, Caſe II. where the Courſe and 


Difference of Latitude is given, to find the Diſtance 
and Departure, you ſee in the Trigonometrical Part, that 
the Proportion for finding the Diſtance is, as Sine 
Complement of the Courſe, is to the Difference of La- 
titude; ſo is Radius, to the Diſtance; therefore extend 
from Sine Complement of the Courſe to Radius, the 


ſame Extent will reach from the Difference of Latitude 


to the Diſtance. 


Example. A Ship fails S. W. by S. till her Difference 
of Latitude be 174 Miles; I demand her Diſtance and 
Departure. , 

Firſt, For the Diſtance. 


Extend from 5 on the Sine Rumbs (or from 56d. 


I 5m. on the Sines) the Complement of the Courſe, to 


Radius; The ſame Extent will reach from the Diffe- 


rence of Latitude 174, to the Diſtance 209 ; then for 


the Departure the Proportion is, As Sine Complement 
of the Courſe, is to Difference of Latitude; ſo is Sine 
of the Courſe, to the Departure: Therefore extend 
from Sine Complement of the Courſe 5 on the Sine 


KRumbs, (or 56d. 15m. on the Sines) to the Sine of the 


Courſe 3 on the Rumbs, (or 33d. 45m. on the Sines) 


the ſame Extent will reach on the Line of Numbers 


from the Difference of Latitude 174, to the Departure 
116. Es 


In the like Manner are all the Caſes in Plane Sailing 
and Mercator performedon the Scale, if youdo but know ‚¾ꝶ 
the Proportions, {which you have at large in the. Trigo- 
zometrical Part) and therefore I need not enlarge any 


further upon it: only this is to be obſery'd, that you 
. „ 1 muſt 


vou an Example. 
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muſt mind always to extend your Compaſſes the ſame 
Way (whether backwards or forwards) at the laſt Extent 
that you do at the firſt; that is, if your Extent from 
the firſt Number to the ſecond be from the Left- hand 
towards the Right, then your fixed Point being placed 
_ at the third Number the moveable Point muſt be ex- 
tended towards the Right-hand alſo, and the contrary, 
unleſs in caſe you have to extend from a Tangent above 
45, becauſe they increaſe from the Right-hand towards 
the Left (as hath been ſaid before) of which you have 
ſometimes Occaſion to make Uſe, 1 ſhall therefore give 
A Ship fails between the South and Weſt till her Dif- 
| ference of Latitude be 80, and her Departure gz; I 
demand her Courſe and Diſtance, = 
The Proportion being, As Difference of Latitude is 
to Radius; fo is Departure, to Tangent of the Courſe ; 
therefore extend from Difference of Latitude 80, to the 


4 5 Departure 93, (which is towards the Right-hand, be- 


cauſe increaſing, viz. 95 is more than 80;) the ſame 
Extent will reach from Radius to the Tangent of the 
Courſe 30; and although Radius is at the End of the 
Line, fo that you cannot extend any further towards the 
Right-hand, yet in your extending towards the Left- 
hand, you muſt count the Degree that the Compaſs 
Point falls upon, on thoſe Degrees which are increaſin 
above 45 towards the Left- hand; thus in this Caſe, 
you find the moveable Point of the Compaſs fall upon a 
Stroke marked 40, 50, viz. it is either the Tangent of 
40 or of go; but the Extent from 80 to 95 being to- 
wards the Right-hand increaſing, and your fixed Point 
being placed in the ſecond Extent at Radius, viz. Tan- 
gent of 45, you muſt account the ſecond Extent alfo 


increaſing, and the Tangent that is above 45, viz. 50, 


is the Anſwer to your Queſtion; and this (with the Help 
of Plane Sailing Trigonometrical far finding the Proporti- 

ons, till pou have them by heart) may be ſufficient for 
Plane Sailing Inſtrumental. = 


EY „ $ECT. 


E 
SECT. Il. 


| Mercator's Sailing Infirumentel. 


N Mercator's Sailing, as well as in Plane Sailing, the 
I Proportions are the ſame as in the Trigonomerrical 
Part, — may be learned in Mercator”s Sailing Trigone- 
metrical ; but becauſe my Deſign is to ſhew how all the 
Caſes hereof may be ſolved-by Scale and Compaſſes, 
without Tables; I ſhall firſt ſhew how the Meridional 
Difference of Latitude may be found by the Scale and 
Compaſſes, both Latitudes being firſt given or found. 

There is upon the Scale two other Lines, beſides 
what we have yet ſpoken of, which are next the lower 
Edge of the Scale; the firſt of them next the Tangent 
Line, is the Meridian Line, marked | Merid. ] and the 
next and loweſt is a Line of equal Parts, marked | Eg. 

P.] theſe are of Uſe for graduating a Mercator's Chart, 
(of which more obs] in this Book) and alſo for 
finding the Meridional Difference of Latitude. The 


Equal Parts are Degrees of the Equinoctial, and every 


Diviſion or Degree contains 60 Miles, or Minutes; and 
hence every 10 Degrees marked 10, 20, 30, Se. con- 
tains 600 Miles ; but the Degrees of Latitude growing 
larger towards the Poles, in a Mercator's Chart, for 
holding the ſame Proportion to the Degrees of Longi- 


| rude that they do upon the Globe, every Degree nearer 
the Pole, contains ſo many more Meridional Miles, ac- 


cording as the Degrees of Latitude upon the Meridional 
Line grow larger, as the: Latitude increaſes ; hence, ro 
find the Meridional Difference of Latitude, when the 
two Latitudes are given or found, extend the Compaſ- 
ſes between the two given Latitudes on the Meridional 
Line; which dong, apply the ſame Extent to the equal 
Parts, and accounting every 10 Degrees 600 Miles, 
every Degree 60, and each half Degree 30 Miles, Cc. 
you _ the Meridional Difference of Latitude between 

the 
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the two Places, and ſo may find what is required, and 


anſwer your Queſtion In/tramentally, as well as 7 rigono- - 
metricalh, if you be careful in the Operation. 


Example i in Mercator*s Sailing, Caſe |. 


A Ship in Latitude 56d. oom. N. ſails N. W. by N. 


| 987 Miles; I demand the Latitude come to, and Dif- 
ference of Longitude, 


According to the former Directions, extend from Ra- 
Sas to Sine Complement of the Courſe, viz. 5 on the 
Sine Rumbs, or 36d. 15m. on the Sines) the ſame Ex- 
tent will reach from the Diftance 987, to Difference of 

Latitude 820 Miles or Minutes, or 13d. 4om. which 
added to the Latitude ſailed from, finds the Latitude 
come to 63d. 40m. then to find the Meridional Diffe- 
rence of Latitude, extend the Compaſſes upon the Me- 

ridian Line from god. om. to 63d. 40m. that Extent 
applied to the equal Parts, accounting (as before di- 
rected) every 10 Degrees for 600, and each Degree for 
60 Miles or Minutes, will be found to be 1519, the 
Meridional Difference of Latitude. Then for en 
rence of Longitude, proceed according to the Pr 
tion in Mercator s Sailing Trigonometrical, Caſe I. viz. Ex. 
tend from Radius to the Tangent of the Courſe, viz. 3. 
on the Tangent Rumbs, or 33d. 45m. on the Tangents, 
| the ſame Extent will reach from the Meridional Diffe- 
rence of Latitude 1519 to the Difference of Longitude 

1013, and ſo in ethers. 

In Caſe II. where both Latitudes and Courſe i is given, 
the Diſtance is found, as in Caſe II. of Plane Sailing In- 
ftrumental, and the Difference of Longitude as in Caſe J. 
hereof, which is ſo eaſy, that it needs no Example. 


CASE III. One Latitude, Courſe, out Difference of Lone 
gitude given, to find the other Latitude and Diſtance. 


A Ship in Latitude 30 North, fails N. N. W. till her 


Difference of Longitude be or 420 Minutes, 
Idemand as above. Extend 
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Extend from the Tangent of the Courſe, two Points 
to Radius, -the ſame Extent will reach from 420 the 
Difference of Longitude, to 1 ons the Meridional Diffe- 
rence of Latitude. 
Take the Meridional Difference of Latitude 1014 
from the Scale of Equal Parts, then with that Extent, 
and one Foot in Lat. 50 on the Meridian Line, the 
other will reach to 59d. 40m. the Latitude come to. 
Then for the Diſtance extend from Sine Complement of 
the Courſe (6 on the Sine Rumbs, or 67. 30 on the 
Sines) to Radius, the fame Extent will reach from the 
proper Difference of Latitude 580 to 628, the Diſtance 
required. | 


— 


s E CT. n. 


Para liel and Middle Latitude Sail ng Inſtrumental. 


H E Proportion for ſolving all the reſt of the Ca- 
ſes both in Mercator and Parallel Sailing, and alſo 
in Middle Latitude, may be ſo eaſily deduced from the 
Proportions laid down in the Trigonometrical Part, that 
I need ſay no more about them; only in the Inſtru- 
mental Operation, where a Tangent 1s required, the 
Point of the Compaſs will ſometimes fall beyond the 
End of the Line; as ſuppoſe the Proportion was as 
Tangent 21d. 3om. to Tangent 37d. 20m, ſo Tangent 
42d. 40m. to a Tangent required. And here, if you 
extend from the firſt Term 21d. 30m. to Tangent 37d. 
20m. the ſame Extent will reach from 42d. 40m. to be- 
2 the End of the Scale; but to remedy this, extend 
from Tangent 21d. 30m. to Tangent 37d. 20m. then 
with that Extent, and one Foot in Tangent 45, extend 
the other back towards the Left-hand, and where- ever 
it lights, keep itefixed and cloſe the other to the third 
Term, viz. Tangent 42d. 40m. then with this Extent, 
_ ang one Foot in Tangent 45, the other will fall upon 
Tangent 60d, 15 .. the Tangent required. Jay 
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As for Traverſe Sailing, it being compounded of ſe- 
veral Queſtions in Plane Sailing, I ſhall not need to 
ſpeak of it in this Place, ſuppoſing that by what is al- 
ready laid down in this Section of Infirumental Navigation, 
the Learner will be able to make Application, as Occa- 

ſion requires, without any further Inſtructions. 


— \—_ — 4 > * 9 ä * 


CHAP. VI. 


Navigation New ModelPd ; 

55 OR, 9 5 — 
The WHOLE ART Performed 

r e - 


"SRCT. I: 
Rules and Grounds of this Method. 


N order to the right Underſtanding of this ne 
Method of Trigonometry, I ſhall proceed according 


to the uſual Manner, and ſhall, for the Help of Me- 


mory, lay down ſome fundamental Rules or Axioms, 
upon which the whole Operation depends, and by which 

all the Caſes in Plane Trigonometry, both Right and Ob- 
lique, may be ſolved, without any Book, Table, or 
Inſtrument whatſoever. But before I come to the Axi- 
oms, I ſhall premiſe, that whenever a Side and an An- 
gle is given, to find another Side, (which is the firſt and 
moſt uſeful Caſe in Navigation) there muſt => be * 
* umber 
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Number found, which I call the Natural Radius, not 
only becauſe it is the Original, from whence the Solu- 
tions are deduced, but 'alſo becauſe being found, it pro- 
duces the ſame Anſwer in Natural * x6 wo that the 
Radius, or Sine of 90, produces in a Sinical Proportion þ 
and this Natural Radius is thus found. | 


METHOD the Fa. 


Take the Angle whoſe oppoſite Side is either given | 
or ſought, and divide four times the Square of its Com- 
— 1 De by 300 added to three times 
the faid Complement, and then the Quotient added to 
the ſaid Angle, is the Natural Radius required; and 
this Rule is univerſally true in all Angles from o to = | 


METH O D the Seond. 


But becauſe in Angle under 45, the Complements 
are above 45, and their * amount to greater Num- 
bers than the Squares of the Complements of the An- 
gles above 45; therefore to render the Work as eaſy, 
and the Contrivance as uſeful as poſſible, I ſhall ſhew 
another Way to find the Natural Radius for all Angles 
under 45, and the Rule is, 
Divide three Times the Square of che Angle (whoſe 
oppoſite Side is given or ſought) by.1000, the Quotient 


added to 57.3, (that is 57 18) the Sum is the Natural 
Radius required. 


This being premiſed, the Rules are theſe ; 
N UL E the Fi rf, In Right-angled Triangles. 


An Angle and a Side given, to find anather Side. 


The Natural Radius bears always the ſame Propor- 


tion to the Hypotenuſe ; that the Angle (by which the 
Natural Radius Was found) bears to its ;oppolit Side. 


| Thereto: re 
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Therefore if the Angles and Hypotenuſe be given, it 
is; As Natural Radius is to Hypotenuſe ; ſo is the An- 
Be, to its oppoſite Side. But if the Angles and a Leg 

given, then it is; As the Angle is to its oppoſite 
Side; ſo is Natural Radius to the Hypotenuſe. 


RU L E the Second. In Right-angled Triangles, 
E wo Sides given, to find a Third. 
The Hypotenuſe is equal in Power to the two Legs; 
That is, the Square of the Hypotenuſe is equal to the 
Square of both Legs added together; of which ſee 
more in Plane Sailing Arithmetical. 
RULE the Third. In Right-angled Triangles. 
The Hypotenuſe and a Leg given, to find the other Leg. 
Multiply the Sum of the Hypotenuſe, and given Leg 
by their Difference : The Square Root of the Product 
is the other Leg required, „„ 5 
XU E the Feurth. In Right-angled Triangles. 
Three Sides given, to find an Angle. 


Add half the longer Leg to the Hypotenuſe; Then, 
As that Sum is to 86; ſo the ſhorter Leg, is to its op- 


poſite Angle. | 


Ru E the Fifth. In Oblique Triangles. 
Three Sides given, to find where the Perpendicular muſt fall 
Multiply the Sum of the two ſhorteſt Sides by their 
Difference, divide the Product by the third Side, which 
is the greateſt, and upon which the: Perpendicular is to 
fall: The Quotient added to the greateſt Side, or ſub- 
tracted from it, ſhall be double the greater or leſſer 

Segment, on each Side of Perpendicular. 
1 Auotben 
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Another Way. 
Add the Squares of the biggeſt and leaſt Sides toge- 
ther, and from their Sum ſubtract the Square of the 
middlemoſt ; Half the Remainder, divide by the big- 


geſt or longeſt Side, the Quotient is the leſſer Segment, 


which ſubtracted from che whole Baſe, leaves the greater 
Segment. 


See another Way i in Axiom IV. of Plane T1 rigonomitry. 


_ * _ 


SE C Ks 
Plane Sailing by a New Methed. 


Shall now proceed to ſome Examples in Right-an- 
1 gled Triangles ; applied ro Plane Sailing; and here 
Note, That to avoid Fractions, I ſhall propoſe the gi- 


ven Angle always in whole Degrees, that being ſuffici- 


ently exact in all Uſes in Navigation; nay, a far more 
exact Way than reckoning by Points, Half Points, or 
Quarter Points ; one Degree being a much ſmaller Part 
of a great Circle than a Quarter Point of the Compaſs. 

And I ſhall make Ule of Degrees rather than Quarter 
Points, not only for its Exactneſs, but alſo becauſe it 


is a Method much in Uſe aboard of the Men of War, 


to reckon the Courſe in Degrees, and not in Points and 
Quarter Points, | 


C A S E I. Courſe and Diſtance given, to find the Diffe- 
rence of Latitude and Departure. 


Mer I ſhall in every Caſe hereof propoſe the ſame 
Queſtions that are inſerted in the ſecond Example of 
each Caſe in Plane Sailing Trigonometrical, except in Caſe 
V. and VI, where have made Uſe of the firſt Example. 


A Ship ſails South 25 Degrees, mea 96 Miles; 
I demand as above. | 


The 
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' The Operation at large. 


Note; Where both Legs are 


required, chuſe always 


to find the leſſer firſt, becauſe che Natural Radius is 
more eaſily found, and then find the longer Leg by 


Rule the Third. 


For the Departure. : 
The Angle —— 25; | 


Multiplied by itſelf — 25 


125 
50 


Square of the 1 +; 
Multiplied By. — 
The Produẽt —— 1875 
1875 divid. by 1000 is 1.875 
To which add — 57.3 


: Sum is Natural Rad. 59.175 
Or rather briefer— 59.2 


Which is exact enough. 


— 


Hypotenuſe or Diſtanceg .o 
The Dep. in Decimals 40.5 
Their Sum — — 136.5 
Their Difference — 55.6 
| 6825 
6825 
6825 
The Produft — 7575. 75 


The Rue 1 
As Natural Radius 59.2 
to the Diſtance 96: So the 


leſſer Angle 25, to its o 
ſite Side the Departure. fr 


96 592)24000(40} 


* . 320 
goo - * 320 7 
1192 Neareſt which 401 
is the Departure 
required. 


2400 


Then for the Difference * 4 Latitude by Rule ut. 


7575(87 The Diff. 
64 of Latit, 
167)1175 

1169 


The Departure is 40 (or in Decimals 40.5.) The 


Difference of Latitude 87. 


CASE 
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CASE _ Courſe and Difference of Latitude given, to 
find the refs. 


A Ship fails North 38 Degrees Weſt, her Difference 
of Latitude 120; her Diſtance and Departure is required. 
Here the Side oppoſite to the bigger Angle is given, 
| therefore we muſt make Uſe of Merbod1. to find Natural 
CO becauſe Method II. ſerves only to Degrees un- 
er 45 


38 38 414) 57760134 22 Becauſe the Frac- 


38 2 © 1%  - than is f@ great, £ 
— — — mall call the Quo- 

— 88. „ 394 tient 14, which ad- 
114 300 : ded the biggeſt An- 
— —  _ gle 52, the Sum 66 
1444 414 1s the Natural Ra- 
WS: . dius. 

5776 
er 15 Kal. 


55 a 52 the greater Angle, is to 120 its oppoſite Side; 
ſo is Natural Radius 66, to the Diſtance required. 


Den for the Departure, by — in. 
120 Diftance — 152 
66 | Diff. of Lat. 129 77040 Departure 
720 | Difference — 32 183604 


1 7 549 
7920 | 544 Lang 
. 2] 8160 (55) 
52)7920(152 | — 
272 Product — 870% 
120 13 8 ; 
16 


The Diſtance 1 >. The Departure 
. parture 9. cs 
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CASE III. Courſe and Departure gioen, to find Diſtance, 
and Difference of Latitude 


A Skip fails North 19 Degrees Paſterly, her Depar- 
ture 72 Miles; I demand as above. 
Here the ſhorter Leg is given; therefore I ſhall find 


the Natural Radius by Metbod II. 


Three times the Square of the given Angle 1 
is ros 3, this divided by 1000, which is done 1 
by cutting off three Figures to the Right- hand,.ükp⁊ 


the Quotient is 1.083 ; which becauſe the ſe- 171 


cond Figure in the Fraction it above g, I add 19 
one to the firſt Figure, which is a Cypher, and — 


then call the Quotient t. 1, which added to 57.3, 36 


the Sum 58. 4» is the Natural Radius required —\ 3 
Then for the Diftance, by Rule I. 1.083 


As the Angle 19, is to its oppoſite Side 72; So is 


Natural Radius 58.4, to the Diſtance. 


58.4 19)4204(221 The Diſtance 
5 40 required. 5 
| A 24 | 
1168 , NO 
4007 | 5 
4204. 8 


Then ſind tbe Difference of Latituae, „ Rul: II I, 


Diſtance — 2. 
Departure 722 17670556 
Som — — 2933232 . ee 
Difference —_— 40)03057 
| |  409)3264 
2637] 4393 
1172 The Root 208, but "TY 
293 {Fraction being ſo large, I 
 — [rather call it 209, the Diffe- 
2 43557 rence of Lat. required. 


CASE 
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CAS E IV. Diſtance and Difference of Latitude given 
to find the Courſe and Departure. 


A Ship fails between the North and Eaſt 1 17 Miles, 
her Difference of Latitude 103 Miles; I demand her 
_ Courſe and Departure, 


For the Departure, by _ i. 
Diſtance == 117 


Diff. of Lat, — 103 ol 55 
5 1 | 1 2 
Difference = —— 14 105) 80 
880 — 
220 _ (55) 


Product - — — - 3080 The Departure 551. 


2 ben for the Courſe, by Rule IV. 


Hypotenuſe or Diſtance 11 8 
_ Half the longeſt Leg— 51. 5 


Sum — — — "6g. 


As 168. 5: 18 to 86 So is ſhorteſt 6 or Departure, 
55. 55 LO its oppofite Angle, the Courſe. 


55-5 168.5\4773.0(28 The Courſe 2375 De- 


1403.0 grees, which is almeſt +, 
— U —äͤ— ViZ. 28 Degrees, 19 Mi- 
1 350 nutes. 


200 


4773-0. 
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CASE V. Diſtance and Departure given, to find the 


refs. 


A Ship fails in the South Weſt Quarter, 124 Miles 


her Departure 95 Miles; I demand her Courſe nd 
| Difference of Latitude. 


For the Difference of Lait, by Rule III. 


Diſtance ——— 124 . 
Departure — 95 6351079 
Sum —— 219 49 
Difference— 29 1491451 
VV 
| L 
Product 6351 


The Square Root & 635 is 79 or 80 (becauſe the 
Remainder 110 is more than the Root) che Difference 
of Latitude required. 


Then for the Courſe, by Rule IV 


Hypotenuſe or Diſtance 124 — 124" 
Longeſt Leg, which here 1s Dep. 95 its half 47 5 


a 171.5 


As 171.5, is ts 86; So is the ſhorteſt Las (which 
here is the Difference of Latitude) 80, to its oppolite 
Angle, the Complement of the Courſe. 


86 171. 5)6880.0(40 Degrees 
0 „ => 
6880 | 5 20.0 


e a of the Courſe is 40 3 and 
conſequently the Courſe is 50 Degrees, from the South 
Weſterly, and the Difference of Latitude is 80 Miles 

fere. C A SE 
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CASE VI. Difference of Latitude and Departur: given, 
to find the Courſe and Diſtance. 


A Ship fails in the North Weſt Quarter, till her 
Difference of Latitude be 220 Miles, and her Departure | 
1083 I demand the reſt. 


For the Diſtance, by Rule II. 
220 108 Square of Diff. Lat. — 48400 


220 108 Square of N — 11664 
440⁰ 864 
440 1080 Sum of the Squares — 85660266 
4 
48400 11664 5 — — — 
e 1 44) 200 
Then for the Courſe by Rule IV. © = 190 
: 5 | 4385)2464 
As 35; is to 86; So is 108 tothe | 2425 
Angle of the Courſe. n ” (29) 
108 25539288( _— The Diſtance 
86 r is 245, and the 
— ——— Courſe 26 1 
648 % en, 0 Degrers, or 26d. 
864 0 gm. or N N. W. 
— ſomewhat more 
9288 than + Weſt, 
i; : "B+ SECT. 
| » 


1 
"3 E CF; II. 
Oblique Triangles, by a New Methed. 


Hew to ſolve all the Caſes in Oblique Plane Triangles, by 
this new Method, without any Canon, Book, Inſtrument, 
Kc. 


N the Solution of Obilgue Triangles, by this New | 
Method, it is neceſſary that they be firſt divided 


into two right-angled Triangles, by a Perpendicular 
Jet fall, in which obſerve : 


Let it fall from the End of a given Side, and oppo- _ 


ſite to the given Angle. 

By this Means, the Perpendicular will ſometimes fall 
within, and ſometimes without; wher. it falls within, 
it falls upon ſome intermediate Part of the Baſe, or 
longeſt Side, but when it falls without, it falls upon 
one of the ſhorteſt Sides continued; in either Caſe, 
there is two right- angled Triangles produced, and 
then the Angles or Sides ſought, are found as if they 
were Parts of a right · angled 1riangle. 


"CASE I. 


(The Angle at A 30.0 
Given - The Angle at B 45.0 > Required the Side AC. 
(cube Side BCE 290 
Here the Perpendiculzr falls from the End of the gi- 
ven Side B C, and oppoſite to the given 
N. 48. Angle at B; and then in the Triangle BDC 
l een the Angle at B, and the Side BC, 
to find the Side CD, which being found, there is given 
in the Triangle ADC, the Angle at A, and the Side 
D C, to find AC, the Side required. 


I ſhall not trouble the Reader witk the Operation for 


finding Natural Radius, it having been often enough 
repeated | in the former Part; but being found by Me- 
tbed I. the Natural Radius for the Angle 45 is 63.62; 


therefore, 
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therefore, As 63.62, to Side CB, 290; fo 45, the An” 
Sle at B, to Side oppoſite CD. 


45 | 63. 62)13050. 00(205 The Side CD 205 


290 * 326.00 

405 PRs co, 

you 
13050 


Now in the Triangle ADC, is given the Angle at A 
| god. om. and the Side DC 20:, to find AC. 
The Natural Radius found by Method II. for the An- 
gle 30 is bo. Therefore, 
As the Angle at A-3o, is to the Side oppoſite DC 
205 ; ſo is bo to the Hypotenuſe AC required. 


205 30012 300(4 10 The Side AC required. 


— © 
3 - 
„ 
| "CASE 0. 


The Side AB 560 ) EE 
Given The Side AC 428 due the Angle at C. 
The Angle B 450) SP 8 


Hers the Perpendicular falls without, upon the Side 
BC continued, and in the Triangle BDA there 
is given the Angle at B 45, and the Hypote- Hg. 49. 
nuſe AB 360, to find AD, which being found 
you have given in the Triangle CAD, "the Hypotenuſe 
CA, and the Leg AD to find the Leg CD, and the 
Angle DAC; are by Subtraction, the Angle DCA, 
and the Angle BCA, in their proper Caſe of right. an- 
gled Triangles. 


„ The 
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The Operation. 


The Natural Radius for the given Angle 45, is 63.62; 
as found by Method I: Therefore, as 63.62, to the Hy- 
potenuſe ho; ſo is the Angle at bas 4s, to the Side 
— AD. 


560 63. 400 868 att the Side AD. 


Y hp 6114.0 
— | | 388. 20 
2800 — 
2240 N 
25200 


Then you have AD 396, and AC 416, to find CD 
by Rule III. thus: 


Side AC — _— | 
Ide AD) — 396 ITY cueLegCD 


— — — I 200012 
3224 b 

306 206) 1284 
. — 1236 
Product — 11284—— 


Then for the Angle cab, WA Rule Iv. 


Hypotenuſe Ac — 40 4s sos is to 86; i 1s 
Half the Leg AD —— 198 106 to the Angle CAD. 
— 10 608) (er 


Sum — — 608 36 3036 
636 604 
848 | | 


7 9116 en 
The 
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The Angle CAD is 14587, or rather 15 deg. which 


ſubtracted from 90, leaves ACD 75 deg. and that ſub- 
trafted from 180, leaves 105 deg. the Angle ACB req. 


CASE III. Given as in Caſe II. to find the third Side BC, 


In the whole Triangle BDA, you have given the An- 
ABD 45, and the Hypotenuſe BA 560; alfo by 
onſequence, the Angle BAD, which is alſo 45, to find 
the whole Side BD; but in this Caſe the acute Angle 
being equal, viz. 45 7 the Leg BD is equa] to 
AD 396; then having found CD 106, by the ſecond 
Operation in Caſe II. ſubtract it from the whole Side 
| BD 396, the Remainder 290, is the Side BC "ond. 


CASE IV. 


; (The Side AC-=—410 
Given } 


The Side AB—— 560 _ the Ang. at B 
The Angle at A— 30. 


In the Triangle AEC, is given the Angle at A 30, 
and the Hypotenuſe Ac 410, to find CE, 
which by the firſt Caſe hereof is found to be Fig. 50. 
205, in therefore I need not repeat the Ope- 

ration. Then in the ſame Triangle ACE, there is gi- 


ven the Sides AC 410, and er. 205, to find the Side 
AE, by Rule III. 


: AC pu — 410 2% 
CE — — . const $551 theLegAE 


8 — oF ng 
— 325 
| 9 
» 72300 795)3575 

Product » — | ==126075 — 
Ei 


The 
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The Leg AE 355 ſubtracted from the whole eat 
Ag 560, reſt EB 205; then in the Triangle BEC, y 
have given BE 205, and EC 205, to find CB by Rule 
II. and the Angle B by Rule IV. but in this Caſe, BC 
and EB being equal, the Angle at B is proved 45 5 
grees, without Calculation. 


CASE V. 


Given as in Caſe IV, to find the third Side BC. 
Although this is the fifth Caſe in the 7 rigonometrical 
ration, yet the Side BC is neceſſarily found in Caſe 


IV. before the Angle at B can be found; and therefore, 


although the Operation in Caſe IV. be ſome what tedi- 


ous, yet both the Fourth and F ifth vo are included 
in it. | 
C A 8 E VI. 


CAB — 560 | 
| Given AC —— 410 Require che Angle at A. 
BC — 290 


| Find AE by the Rule laid down in Axiom IV. of 

Plane Triangles. As the Baſe AB 560, is to the 

9 32. Sum of the other two Sides, 700; So is the 

Difference of the ſaid Sides 120, to the Diffe- 

rence of the Segments of the Baſe AD 150, a8 by the 
Operation below. 


10 356. l 150 To the half Diff 75 add 


700 | 280 the half Baſe 280, the Sum 
— —ů— 3353 ĩs the greater Baſe AE, 
8400oo0)hs 000 but ſubtracted the Diffe- 
rence is the leſſer Baſe EB | 
205. 


Then in the Triangle AEC, hs} is given AC 410, 
and AE 355, to find” CE by Rule III. and the Angle at 
A by Rule . 
The 


Sect. III. Oblique Sailing by a New — 155 
The Side AC — 410 


The Side AE —— 355| 42075(205 | 
| | — 405)02075 
Their Sum —— 765 2025 
Their Difference — 55 — 
N | "= 


3825| The Square Root of 
3825 142075, Viz. 205, is the 
— |Side CE — | 


Product — 12075 | 
T hen, by Rule Iv. find the Angle at A. 


Hy potenuſe — 1410 
Half the longeſt 1 — 177.5 


Their Sum — — 58 7. "Þ 


As 587. 5 is to 863 ſo is CE 205, to the Angle oppo: = 


ſite at A 30. 
205 587. 5)17630.0(30 The Angle at A. 
5 30 required. 
164 ; 
17630 


Although this Method be not altogether ſo expediti- 
ous for Oblique Triangles, as the Calculation by Lo- 
garithms, becauſe you are obliged to divide every Ob- 


lique Triangle into two Right-angled ones, which ſome- 
times requires two Operations; yet I thought fit to in- 
ſert it to make the Method compleat, it being of great 
Uſe when Tables 4 wanting, and of ſuffici:nt Exactneſs 


for moſt Uſes in Navigation; but the Right- angled Ca- 
ſes, as performed hereby, I ſhall recommend to the 


Reader, being very uſeful, ſufficiently -xact, and as ex- 


peditious as wy Method commonly i in Vie. SECT. 


-» 
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SECT. IV. 


Tow to find the Difference of Longitude, and keep a Reckon- 
ing both in Latitude and Longitude, by this New Method 
of Trigonometry, (as applied to Navigation) without the 

Help of any Tables or Inſtruments whatſoever, according 
to Middle Latitude, which is of ſufficient Exafineſs for 

tbe working ſo ſhort a Diſtance as a Day's Run, and con- 
ſeguentiy of great Uſe in Navigation. 


O U may remember, that in Middle Latitude Sailing 
 Trigonometrical, there is a Proportion for finding 
the Difference of Longitude, which is, as Sine Com- 
plement of Middle Latitude, is to the Departure; So is 
Radius, to the Difference of Longitude. And there- 
fore, in Middle Latitude Sailing Geometrical, one Way 
which I have propoſed for projecting Middle Latitude 
Sailing, is, by conſtituting a Right-angled plane Tri- 
angle, whoſe Angle at the Baſe is equal to the Comple- 
ment of Middle Latitude, and the Perpendicular is equal 
to the Departure; And then by that known Proportion 
of oppoſite Sides, and oppoſite Angles, it will neceſſa- 
Tily follow that the Hypotenuſe muſt needs repreſent 
the Difference of Longitude ; which being granted, 
there is no more to do for finding the Difference of Lon - 
gitude, but only the Solution of the ſaid Right-angled 
Triangle: Of the ſeveral Varieties of which you have 
had ſufficient Inſtances in the ſix Caſes of Plane Sailing 
before going, where any two Parts being given, the 


bother two are eaſily found. Nevertheleſs, that nothin 


may be wanting for the Reader's Inſtruction, I ſhall in- 

| ſtance in one Queſtion for Example's Sake, which I 
ſhall firſt work by this new Method, and then by the 
Method propoſed in Middle Latitude Sailing Trigonome- 
trical; and laſtly, ſhall work the ſame by Mercator, to 
„ let 
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let the Reader ſee the Sufficiency and Exactneſs of this 
new and uſeful Invention. 

AQueſtion. A Ship in Latitude 58d. oom. North, fails 
South 25 Degrees Eaſterly 96 Miles; I demand the La- 
titude come to, and alſo her Departure and Difference 

of Longitude. 


The Courſe and Diſtance is the ſame as in the Exam- 
ple 2d. of Caſe I. in Plane Sailing, as performed by this 
New Method, and therefore I ſhall refer you to the 

Operation there, for finding the Difference of Latitude 
and Departure. The Difference of Latitude being 

there found to be 87, and the Departure 40+ or 40.5, 
and therefore (the Courſe being Southerly) the Latitude 
come to is 56d. 33m. and conſequently the Middle La- 
titude, found by the Direction and Caution laid down 
in Caſe I. of Middle Latitude Sailing Trigonometrical is 
57d. 17m. and the Complement of Middle 
Latitude is 32d. 43m. From hence by the Fig. 52. 
_ foregoing Directions, is conſtituted the Tri- 


19 5 angle ABC, wherein the Angle at A, is equal to the 


Complement of Middle Latitude 32d. 43m. and the 
Side oppoſite BC, is equal to the Departure 40. 5, both 

which are given to find the Hypotenuſe AC, equal to 
the Difference of Longitude required; and here the 
Side oppoſite to lefſer Angle being given, I ſhall find 
Natural Radius by Metbod II. And here obſerve, that 
although in Queſtions of Plane Sailing, you need not 
regard Minutes in the Angle of the Courſe, becauſe 
Whole Degrees are exact enough to keep Account of a 
Ship's Way; yet in this Cafe you muſt not omit the 
odd Minutes in the Angle; and therefore reduce the 
odd Minutes to Tenths of a Degree, accounting 6 Mi- 
nutes for one Tenth of a Degree, and 12 for two 


Tenths, c. And then 42 Minutes is 7 Tenths; and 


this Angle being 32d. 43m. I ſhall call it 32.7, wiz. 32 
and 7 Tenths, it being but one Minute more, which 
cannot cauſe any great Error in the Operation. 


1 
For 
* 
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For finding Natural Radius, by Method II. 
The Angle 32. Then becauſe the Hypo- 
Mult. * elf — 32.7 tenuſe is required, the Pro- 
—— portion is, 

2289] As the Angle 32.7, is to 


654 |its oppoſite Side 40.5 ; So is 
981 [Natural Radius 60.5, tothe 


5 Hypotenuſe. 
Sg. of the Angle — 1069. 29 ks 
CW 60.5 327)2450.2(7442 
3 | | = 1 40.5 16810 
ET. | 3025 304 


Divided by 1000, the Pro-[24200 
duct is 3.207, but it is 
exact enough to call it 2450.29 
3-2, which added to 57.3] The Product of the Mul- 
the Sum is 69.5, the Na- tiplication is but 2450, the 
tural Radius required. lother two Figures being but 


a2 Decimal Fraction, are to be cut off; but becauſe the 


Diviſor 32.7 is a Decimal, I add one Figure to the Di- 
vidend, as you ſee in the Operation above. 

The Difference of Longitude is 74524, which with- 
out exactly regarding the Fraction, may be ſet down 
75: And this Operation may be performed with great 

Faſe and Readineſs, with a little Practice, although I 
have here ſet it down in Words at . to make i it 
more intelligible. 


| T be fame Queſtion anſwered by Middle Latitud: 


Saili ng. Trigenometrical. 


\I N D Difference of Latitude and Departure, and 
jad Bows the Latitude come to, with Middle 
Latitude and Complement of Middle Latitude, as in 
Caſe I. of Middle Latitude Sailing Trigonometrical, which 
vill be found to be as above expreſſed. 1 
2 
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Then for the Difference of Longitude. 


d. m. 
As Sine Comp. Mid. Lat. —— 32 43 —9.73278 
Is to the Departure — 40.3 — 1.60745 
So is the Radius — Yo oo — 10.00000 


| To the Difference of Longitude — 74.9-— 1.87467 


The foregoing Queſtion anſwered by Mercator's Sailing. 


IND Difference of Latitude, and conſequently the 

Latitude come to, as in Mercator's Sailing Trigonoe 

metrical, and you will find the Latitude come to is 56d. 
33m. and the Departure 40 or 40.5. 


Latitude ſailed from—58d. oom. I MA n._. 14294 

Latitude cometo——56 33 { Meria, Parts, 4133 

Meridional Difference of Latitude — 16s 
As proper Difference of Latitude 87 ——— 8.06048 

: To Merid. Diff. of Latitude — 1661. 2.20082 

So is the Departure ——— 40.5 —— 1.60745 


To the Difference of Longitude—74.9 - 1.87475 


And thus you ſee the exact Agreement of this with 
the true Operation, as performed by Mercator*s Sailing; 
it not differing from it ſo much as one Quarter of a 
Minute in Longitude, in ſo great a Diſtance as 96 
Miles, and in a Latitude ſo near the Pole as 58 Degrees, 
where there is much more Danger of contracting an 
Error than in leſſer Latitudes, or Voyages nearer the 
Equator, » 1 | 


CHAP. 
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CHAP. VII. 
Practicul Navigation. 
oh 


The Application of the foregoing Rules to the aua! keeping 
of a Reckoning, according to the ſeveral Kinds of Na- 
vigation. | | 1 e 


FFUHERE are four Things very neceſſary to be 
known by all that take upon them the Charge 
of conducting a Ship from one Part of the World to 
another, which may properly be called the Practical 
part of Navigation. 
The firſt is a right Underſtanding of the Compaſs, 
with the Variation thereof, in order to the true Know- 
ledge of the Courſe made | 5 * 
Ihe ſecond is the Log- line and Half- minute Glaſs, 
that the Knots on the Log- line be a due Length, and 
that the Glaſs be juſt a Half- minute, that thereby you 
may as near as poſſible find the true Diſtance. „ 
The third is the right Manner of taking and working 
an Obſervation by the Sun by Day, or by the Stars by 


Night, thereby to find the true Latitude, and to correct 


the Dead Reckoning, if there has been an Error con- 
tracted either in the Courſe or Diſtance. „ 
And, fourthly, having by theſe Means and Helps 
finiſhed your Reckoning, and being come near the de- 
fired Port, it is alſo neceſſary, that tnere be a right Un- 
derſtanding of the Tides, which Way the Ebbs and 
Floods ſet, and what Moon makes full Sea upon any 
Coaſt, that ſo it may be known how long to ride at 
Anchor, 
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Anchor, or to lie by to wait the Tide, if you know 


= are too ſoon ; or what ſail to make to fave your 
Tide, if you fear being too late: And theſe four 
Things I ſhall handle in this Part, and that in ſuch a 


Manner, as may be intelligible to the meaneſt Capacity, 


and moſt uſeful as well as moſt eaſy to be put in Practice 
at Sea. _ 


— „ — 
— 1 — — 
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SECTION I. 


— 


- Of the Variation of the Compaſs. 


E Way commonly taught for finding the Va- 


riation of the Compaſs, is by the Sun's Azimuth, 
or Amplitude; but theſe Ways not being attainable by 
any but thoſe who have learnt ſomething of Aſtronomy ; 
and being alſo treated of in other Books, I ſhall not 
trouble the Learner with them, but proceed to a far 
eaſier Way, which is this | PS 


When you are at Sea, and deſire to know the Vari- 
ation of the Compaſs, take your Quadrant about 8, 9, 
or to a Clock, when you ſuppoſe the Sun is near about 


half up from the Horizon to the Meridian, and take 


an Obſervation ef the Sun's Altitude, as you would do 
at Noon to find the Latitude of the Place, which being 


done, lay by your Quadrant (letting the Vanes remain 
unremoved) and by your Azimuth Compaſs (if you 
have one on board) ſet the Sun, and mind what Point 
of the Compaſs the Sun is upon at that Obſervation. 
This done, wait till the Afternoon, that the Sun grows 
almoſt as low as he was when you obſerved in the Fore- 
noon, and then with your Vanes fix'd, as in. the firſt 
_ Obſervation, obſerve till the Sun be ſo low, as that the 
Vanes ſo fixed will juſt take the Sun's Altitude without 


altering them ; which done. obſerve inunediately (as 


before) upon what Point of the Compaſs the Sun is, at 
that Obſervation : Then the Space between that Point 


M which 
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which the Sun was upon at the firſt Obſervation, and 
that Point upon which the Sun was at the laſt Obſerva- * 
tion, divided into two equal Parts, the Middle is the true 
South Point of the Compaſs, and the Diſtance between 
that and the South Point of the — is the Variation 
— 
Example. 

Suppoſe at the Forenoon Obſervation, I find the Sun 
by the Compaſs to be South Eaſt (it matters not what 
bis Altitude be, ſo you mind what it be, or elle let the 
Vanes ſtand unremoved, till the Afternoon) and ſuppoſe 
in the Afternoon I find, when the Sun hati the ſame | 
Altitude, that he bears Weſt South Weſt; now the 
Diſtance between South Eaſt and Weſt South Weſt. 
is ten Points, the Half of that is five Points, which 
reckoned from South Eaſt towards the Weſt South 
Wet, it falls upon the South and by Weſt ; therefore 
of | conclude that the South and by Weſt Point of the 
_ Compaſs points to the true South Point, and the Di- 
ſtance between the South and by Weſt Point (which is 
the true South) and the South Point of the Compaſs 
(which we may call falſe South) or (magnetical South) 
is the Variation of the Compaſs ; and becauſe the mag- 
netical South is Eaſtwards from the true South; there- 
fore the magnetical North is Weſtward from the true 
North. Here I conclude, that the Variation 1s one 
Point Weſterly, Sc. 

In this Caſe have | is only this Caution to be obſerved, 
©3z. that this Obſervation be not made when the Ship is 
running very faſt Northwards or Southwards, which 
may make ſome ſmall Error, though ſcarce diſcernable ; 
for if the Ship ſtood ſtill, the Sun would have exactly 
the ſame Altitude at 8, 9, or 10, in the Forenoon, 
that it would have at 2, 3, 4, in the Afternoon; but 
if the Ship fails very faſt to the Soythward in North 
Latitude, or to the Northward in South Latitude, ſhe 
raiſeth the Sun a little, and by Conſequence the Sun 
will be ſomewhat higher at 4 in the Afternoon than at 8 


in 
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in the Morning, and may cauſe ſome Error, but it is 
little, and a Thing that ſeldom happens: And if it do 
happen that your Courſe be North or South, and the 
Wind ſo fair, you may refer your Obſervation till another 
Day, (it being not neceſſary to ſet the Variation every 


Day) and thereby the Error may be avoided, and yet 


the Variation exactly found as often as it is neceſſary. 
Note ; I ſhall ſhew how to find the Variation by the 


Sun's Azimuth and Amplitude hereafter in the Aſtro- 
nomical Part, | Fs 
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SECT. IL 


. to divide the Log-line, and try a Half-Minute- | 
TT Glas. 


INH E that take upon them to be Maſter, Mate, 
or Pilot of a Ship, and would be very exact and 
accurate in the keeping a Reckoning or Account of the 
Ship's Way, ought to take Care before they go from 
the Shore, to be furniſhed with all Things neceſſay for | 
that Purpoſe. For the beſt of Scholars, the greateſt. 
Artiſts, the moſt profound Mathemaricians, or the moſt 
experienced Navigators, may be deceived, and carried 
into the groſſeſt Errors, by a Defe& in their Inſtru- 
ments, or Means for keeping a Reckoning, as well as 
the moſt ignorant may be by a Defect in their Know- 
ledge, and ſo far as they deſign that their Account ſhall 
not depend upon their Dead Reckoning, they ought 
chiefly to be careful in theſe two Things. 
Firſt, the Half-Minute-Glaſs, that It be of a due 
Length ; for if it be longer than it ſhould be, it makes 
the Ship by Eſtimation to run ſo much more than in- 
deed ſhe does, and by that Means perhaps, in a Month 
or 6 Weeks Sailing, you will expect to arrive at your 
Port, or make ſuch or ſuch Land, when in fact, you 
are 50, 60, or 80 Leagues, or more or leſs ſhort of it, 
. M 2 according 


to the Proportion of the Error in Diviſions of the Line, 
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according as the Error of your Glaſs is more or leſs. 


And altho' it is hard to know a true Halt-MinuteGlafs, 
yet there are theſe two Ways to prove them, and know 
whether they are right or wrong. | 


The firſt Way is by an Expedient mentioned by Mr. 
Henry Philips, in his Advancement of the Art of Naviga- 
tion, and allo quoted by Seller, in his Practical Navige- 


tion, and *tis this: Take a Bullet of any cgmpetent 


Weight, it matters not what, and make faſt to it a Piece 
of fine Thread, or Silk, of the juſt Length of 38 In- 
ches; let there be a Nooſe on the End of the Thread, and 


let the very End of the Nooſe be juſt 38 ; Inches from 
the Center of the Bullet (as I ſaid before) then hang it 


up by the Nooſe upon a ſmall Pin, where it may hang 
at Liberty, and ſwing freely, and ſo give it Way, and 
each Swin ſhall be a true ſecond of Time; that is, each 


Time that it paſſes by the Perpendicular let fall from 
the Pin on which it hangs, ſnall be a Second; and every 
Time of its Return to the Place where it firſt began its 


Motion, is two Seconds of Time, and a Glaſs that runs 


till the ſaid Bullet hata made 30 Swings ſhall be a true 

Half-Minute-Glaſs. Tl OC pg 5 
A ſecond Way (if it may properly be fo called) is, by 
the Experience of thoſe that have had Occaſion to uſe 


a Glaſs in long Voyages; and having a Line rightly 
divided, by a Glaſs of ſo true a Length, that their Dead- 


Reckoning, when carefully kept, hath agreed with the 


Truth of their Obſervations ; and that their making of 


Land, Sc. hath fallen out according to Expectation, by 


the Dead-Reckoning ; I ſay ſuch a Glaſs, or another of 
the ſame Length, ought to be preferred before any other, 


as a true Half- Minute -Glaſs. 


A ſecond Thing neceſſary, in order to the Keeping of 
a true Reckoning, is to take Care that the Log - line be 
rightly divided; for although the Glaſsche true, yet if the 
Log line be divided into Knots too long or too ſhort, it 
muſt needs make an Error in the Reckoning, according 


if 
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if you work by a true Half-Minute-Glaſs. Indeed, if 


the Diviſions of the Log-line be too ſhort, and the Glaſs 
alſo too ſhort, (or if both be too long, which is the ſame) 
then tle one Error helps to compenſate the other ; but 
if the Faults in the Line and in the Glaſs be contrary, 


that is, the one too long, and the other too ſhort, the 


Fault 1s intolerable. | 
A 3ss for the Length of each Knot on the Log: line, or 


how it ſhould be divided, there are different Opinions 


amongſt different Authors and Navigators. Indeed it 
is an undeniable Truth, and apparent to every Man's 
Reaſon, that one Knot upon the Log- line ſhould be the 
' 120th Part of a Mile; becauſe half a Minute is the 

120th Part of an Hour; (for as the Whole is to the 
Whole, ſo is a Part to the Part, &:.) but the Difficulty 
ariſes from the different Opinions, as to how many Feet, 


Yards, c. there are in one Degree of a great Circle 


upon the Earth, Mr. Oughtred, in his Circles of Pro- 


portion, will have 665 Miles to anſwer one Degree upon 


the Earth, each Mile containing 5280 Feet. Hence 
there is by his Account, 349800 Feet in one Degree of 


a great Circle upon the Earth, and 5830 Feet in one | 
Minute, or 6oth Part of ſuch a Degree, and conſequently 
the 120th Part of a Minute, or Length of one Knot 


upon the Log-line, muſt be 48 2 Feet. 
But Mr. Norwood, in his Seaman's Practice, P. 43. (re- 
lating an Experiment of his for finding the Quantity of 


one Degree of a great Circle upon the Earth) ſaith, that 


one Degree contains 367200 af our Engliſh Feet to a 


Degree, which Account, without any Allowance would 
give 51 Feet to one Knat of the Log-line, although, for 
Reaſon3 there mentioned, he allows 1 Foot out of the 31, 
and ſo would have one Knot of the Log. line to be juſt 30 
Feet: Bur how far that Experiment of his is to be de- 


| pended upon, (conſidering the Unevenneſs of the Ground, 


and Crookedneſs of the Ways and other Inconvenien- 
_ cies, which he could only give Allowance for accord. 


ing to his Judgment) and _ how far that one Foot in 
37 GE 51 
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51 may compenſate the Way that the Log makes after 
the Ship, I ſhall not take upon me to determine. In the 
mean time I ſhall, with Submiſſion to better Judgments, 
rather adhere to the Way of dividing the Log-line, that 
is commonly received, and uſed by meft Mariners, I 
mean that of 42 Feet, or 7 Fathom to one Knot. Now 
it will preſently be objected, that according to that Di- 
viſion for Half a Minute, multiplying that by 120, for 
1 Mile, and that Product by 60, for 1 Degree, there is 
by Conſequence but 302400 Feet in a Degree, which 
ſeems to contradict, and intolerably to vary from the 
Opinions of the ingenious Mr. Nerwocd, and other ex- 
perienced Men in theſe Matters. 
l T anſwer, it doth not contradict them, at leaſt ſo much 
as at firſt Appearance it ſeems to do; for one grand Rea- 
ſon why I agree to theſe ſhorter Diviſions is, to give Al- 
lowance for the Way that the Log makes after the Ship; 
for altho' there is ſo much ſtray Line allow'd, as may be 
_ ſuppoſed to veer the Log moderately well out of the 
Eddy of the Ship's Wake, yet it cannot be ſuppoſed, but 
that ſtill the Log muſt have ſome Way after the Ship, if 
but bythe Weight of the Line, which altho' but light, 
yet the Water being but a ſoft fluid Subſtance, the Log 
muſt needs have a Motion after the Ship, and eſpecially 
failing large, and in a freſh Gale, it cannot be but that 
the Wind will have ſo much Effet upon the Log, 
and ſo much of the ſuperficial part of the Water, as to 
ſhove it along after the Ship; and that in my Opinion, 
much more than one Foot in 51. „ 
Indeed another Conſideration, which may be accounted 
a ſecond Reaſon why I do adhere to that Way of dividing 
the Line, is, becauſe if there is an Error, it is on the 
ſafer Side; for although the Truth is beſt, if it could 
be attain'd, yet if an Error muſt be, *tis better that the 
Reckoning be a-head of the Ship, than that the Ship 
ſhould be a-head of the Reckoning ; and better to look 
out for Land before we come at it, than to be a-ſhere 


before we expect it. 


But 
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But my third Reaſon is, the Confirmation of this my 
Opinion, by the daily Practice and Experience of many, 
if not moſt Mariners, who uſe this Way, and find the 
Succeſs to anſwer their Expectations, at leaſt much 
' nearer than a much larger Diviſion would do. Tis true, 
if the Generality of Glaſſes be ſo much too ſhort, as to 
countervail thoſe too ſhort Diviſions (if they are too 
ſhort) it were to be wiſh'd that the Errors in one were 
_ rectified, and then the Faults in the other might be a- 

mended ; but till then I ſhall recommend that Way of 
following 42 Feet, or 7 Fathom, to one Knot of the 
Log-line. Indeed if it be, as it is reported by ſome, 
that to make Amends for the Shortneſs of the Knots, 
the Glaſſes are commonly made but 27 Seconds; and if 
ſo, then if the Glaſſes were regulated and increaſed from 
27 Seconds to 30, the Knots, by the ſame Proportion, 
ſhould alſo be increaſed from 42 Feet to 46 + Feet to 
one Knot, which ſeems more agreeable to Reaſon, and 
to Mr. Norwood's Obſervation. Cos f 

Note ; When you divide the Log-line you muſt allow 
12, 13, or 18 Fathom of Stray-line, according to the Big- 
neſs of your Ship, accounted from the Log, before you 
begin to fet out the Knots, and then put in a red or 
white Rag, and from thence begin to divide the Line 
into Knots. The-Reaſon of the Stray-line is to veer 
the Log pretty well out of the Ships Wake, leaſt the 

Eddy ſhould ſuck the Log after the Ship, and deceive 
you in your Reckoning. : a 1 


er. M- 


How to make a Plane Chart. 
HE Log-line being thus divided, and the Halt- 
Minute-Glaſs examined and regulated, the next 
Fhing is to makesaChart for the Voyage intended; and 
of Charts there are ſeveral Sorts. 

The firſt is commonly called a Plane Chart, in which 
the Degrees of Longitude and Latitude are every where 
| M 4 equal, 
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equal, without any Reſpect to the Globularneſs of the 
Earth, but rather ſuppoſing the Earth and Sea to be a 
plane Superficies; and hence it is, that this Projection is 
falſe, except in Places under or very near the Equinoctial. 
However it being much in Uſe, I ſhall lay down the Pro- 
jeclion of it as followeth. _ 

If you would make a Plane Chart for all the Earth 
and Goa, it is beſt to do it upon two Sheets of Paper; 
one Half upon each Sheet. Through the Middle of each 
Sheet, croſs- Ways, from the Right-hand to the Left, draw 
the ſpotted Line AB, which divided into 180 equal Parts, 
by any equal Parts of the Scale, as large as your Paper 

will contain, which you may mark at every 10 Degrees 
with Figures, 10, 20, 30, Sc. to 180, beginning at any 
Place where you intend te reckon your Longitude from, 
which ſuppoſe let it be in Lundon, let your Chart begin 
at the Weſt or Left-hand, and ſo reckon Eaſtwards, as 
In the following Example, where the two Charts contain 
all the 360 Degrees of Longitude in Compaſs, and go 


Degrees of Latitude each Way from the Equinoctial 


Then from the Middle of the Chart, as a Center, draw 
the 32 Points of the Compals, as you ſee done. Then 
for inſerting any known Place in the Chart, find by the 
Table of Latitudes and Longitudes of Places what La- 
titude and Longitude your Place hath, and place it in 
that Latitude and Longitude i in the Chart; as 
Fig. 53. for Example, ſuppoſe I would inſert the Lizard, 
and the Weſt-End of Cyprus in the Straits, and 
would find their Bearing and Diſtance ; according to the 
Plane Chart, I find the Latitude of the Lizard i in the 
Table 1s 49d. 55m. North, and Longitude gd. 14m. W. 
I reckon upon the Line AB, which is the Equator, till I 
come at 5 Degrees, viz. 5 of the ſmall Divſions, and as 
near as I can compute, ſomewhat leſs than + of another 
fmall Diviſion, for the 14 Minutes, and ſetting one Fogt 
of the Compaſſes in that Mark, I extend the other to the 
next North. and South Line, and running them up into 
Latitude 49d. 55m, I make the Marx & to repreſent the 
Lizard 


Sect. III. How to make @ Plane Chart. 169 


Lizard; and by the ſame Method I find the 
Fig. 53. Weſt-end of 8 at the Mark à then the 
Diſtance between theſe two Marks taken in 
your Compaſs, and applied to the Equator AB, account- 
ing every Degree 60 Miles, and every 10 Degrees 600 
Miles, gives the Diſtance between the two Places, ac- 
cording to the Plane Chart; and then for the Courſe, 
obſerve what Line, or Point of the Compaſs, a Line ſup- 
ſed to be drawn between theſe two Places would be 
arallel to, or neareſt thereunto, which in this Caſe you 
pe is an E.S.E. and W. N. W. Line, the neareſt Point 
repreſenting the Courſe required. 
In like manner you may inſert any other Place whoſe 
Latitude and Longitude is given; as for Inſtance, I have 
inſerted the following Places, which becauſe the Draught 
is too ſmall to contain the Names at large. I have repre- 
ſented them bythe following Letters annexed to them. 
@- The ˙ © © 
4 The Iſtand of Cyprus, in the Straits. 
a Majorca, an Iſland in the Straits. 
b Barbadoes. 
c Jamaica. 
h Cape Henry, in Virginia. 
© Bengal, in the Eaſt-Indies. 
d Cape Bona Esperanza. 
e The Naze of Norway. 


| Theſe are ſufficient to let the Learner ſee how to ſet 
down the Places in a Plane Chart. 

But ſuppoſe you are to fail from any one of theſe 
Places, or any other Place, to ſome other Port, it is beſt 
to make a Chart for the particular Voyage, to contain 
only ſo much of the Earth and Sea as is contained be- 

tween the two Places, or little more, and then you may 
make your Degrees of Latitude and Longitude larger, 
as in the following Example. 

A Ship ſets ſail from Flambaraugh-Head, in Lat. 54d. 
8m, North, yoo Longitude od. 10m. E. intending for 


the 
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the Naze of Norway, in Lat. 57d. 5om. and Long. 5d. 
22m. E; I deſire a Chart made of that Voyage. 
This Chart is made to contain from 54 to 38 of North 
Latitude, and nearly 9 deg. of Weſt Longi- 
tude; and then by the former Rules, the Point Fig. 54. 
A repreſents Flamborougb- Head, and the Point 
O upon the oppoſite Corner, is the Naze of Norway : 
Then at Flamborough-Head the Place failed from, as a 
Center, I deſcribe a Quarter of a Compaſs, which in this 
Caſe is always ſufficient, and thus is the Chart ready for 
the Voyage. 3 = 
As for ſetting off the Courſes and Diſtance, or Diffe- 
rence of Latitude and Departure, upon a Chart, com- 
monly called pricking a Chart, 1 ſhall refer it till I come 
to give ſome Examples of keeping a Journal by the Log 
and Compals.. = on, | 
Hao to make a Mercator's Chart. 1 
Miercator's Chart appears ſomewhat like a Plane 
7 Chart, only with this Difference, that whereas, in 
a Plane Chart, the Degrees of Latitude and Longitude 
are every where equal, it is not ſo in a Mercator's Chart, 
for in it the Degrees of Latitude bear the ſame Propor- 
tion to the Degrees of Longitude, that they do upon the 
Globe; and the Invention of this Chart is moſt properly 
owing to our worthy and ingenious Countryman Mr. 
Edward Wright, as may be ſeen in his Corrections of the 
Errors of Navigation : However, (I know not well for 
what Reaſon) unjuſtly aſcribed to Mercator. Now, al- 
though upon the Globe the Degrees of Latitude are eve- 
ry whereequal, and the Degrees of Longitude grows leſs 
nearer the Poles; yet in this Chart it is not ſo, for the 
Meridians are Parallel, and every where equal, as in a 
Plane Chart, but the Degrees of Latitude grow bigger 
near the Poles; ſo that in a Mercator's or Wright's Chart, 
there is always the ſame Proportion between a Degree of 
Latitude, and a Degree of Lon "9s in any Parallel, 
as there is upon the Globe itſelf, though the Diſtances 
are extravagantly diſtended, eſpecially near the Poles. 
| For 
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For the Projection of this Chart, there are two Lines 
upon Gunter's Scale, commonly placed next the Bottom, 


on that Side upon which the Logarithmic Numbers, 


Sines, and Tangents are; the loweſt of the two is 4 
Scale of equal Parts, and the next to it is called the 


Meridian Line, by the Help of which, if you would 


draw a large Chart of all the World between $5 Deg. 


of North Latitude, and 85 Degrees of South Latitude, 


you muſt prepare large Paper; or paſte Sheets of Paper 


together, till your Sheet contain about four Feet each 


Way, through the Middle of which draw the Equi- 
noctial Line, as you ſee in the Plane Chart before in- 
ſerted, and graduate it with 10, 20, 30, Cc by thoſe 
Diviſions upon the Line of equal Parts now mentioned, 
which done, when you ſee how far the 180 Degrees of 
Longitude reach (if you make the Chart in two Parts, 
or to the 360 Degrees, ſuppoſe you make it all in one 


Draught, as your Sheet of Paper four Feet ſquare will 
be large enough for that Purpoſe) there draw Lines at 
Right-Angles, with the Equinoctial Line, as you ſee 


in the foregoing Charts, the Lines CAE, and DBF, 
Fig. 53, then theſe Lines graduated from A the Equi- 
noctial, both Ways, by the Graduatious upon the Me- 
ridian Line upon the Scale, {hall ſet off every Parallel of 
Latitude according to Mercator; and when the Lines 


on both Sides are ſo graduated upwards and downwards, 


from the Equinoctial, the Lines drawn from every De- 
gree on one Side to the ſame Degree on the other Side, 
hall repreſent the Parallels of Latitude required. 


But becauſe theſe Graduations would be roo ſmall to 


make a Chart by, for any particular Voyage, it is better 
to make the Chart larger, and in that Caſe the Want of 
a Meridional Line ſo large, may be ſupplied by a Table 
of Meridional Parts; fof having drawn the Equinoctial, 


or any other Parallel of Latitude, which is the ſame, 


for one Out- line of your Chart; ſet off 60 of any equal 
Parts for every Degree of Longitude, both at the Top 
and Bottom of your Chart; this done, find (by the 

55 5 Rules 


„ „ ama: . 


. | 
it 
4 
f 
1 
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Rules laid down in Mercator's Sailing Trigonometrical ) 
the Meridional Difference of Latitude, or the Meridional 
Parts contained between that Degree and the next, theſe 
taken from the ſame Scale of equal Parts, and ſet from 
the laſt Degree marked, ſhall find the next Degree, and 
fo 1 in the reſt. 


The Rumbs, or Points of the Compaſs, are exactly 
the ſame as in a Plane Chart. 
I ſhall explain what hath been ſaid by an Example of 


a Mercator's Chart, from Flamborough- Head to the Naze 
of Norway before- -mentioned. 


Lat. Long. 
Flamborough- Head == 8m. N. od. 10m. W. 
Naze of Norway 7 50 N. 5: 30K: 


Now it is beſt to make the Chart to a whole Degree, 
and therefore in this Example I ſhall, as before, make 
it from Lat. 54 to 58, and to contain 9 Degrees of 
Longitude. 
Merid. Parts for Lat. 584 om. — 4294 
 Merid. Parts for Lat. 54d. 8min, —— 38 71 


Merid. Diff. of Lat. in the whole Chart — 416 
Diff. of Longitude in the whole Chart — 6540 


Having drawn the Line d a, ſet off the whole Me- 
Tidional Difference of Latitude 416, off any convenient 
Scale of equal Parts, from 4 to a, and draw a, and 4c, 
perpendicular to d a, and ſet off the whole Difference 
of Longitude 9 Degrees, or 540 M. from d toc, and 
2 to b, and draw cb; thus you have the whole Sub- 
ſtance of your Chart. 

Then ſet 60 of the ſame Parts from d to o, and from 
o to 1, and from 1 to 2, Cc. both upon the Line d c, and 
upon the Line a h, and draw the Line 0—0 1—1, 
Sc. thus is your Longitude graduated. | 

Then for the Latitude, find the Meridional Difference 
of Latitude, between Lat. 54 and 55, which is 103, 
therefore ſet 103 or the ſame equal Parts from 4 to 55, 


and 
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and from & to 55, and draw the Line 55—55; then 
find the Meridional Difference of Latitude between Lar. 
55, and Lat. 56, which is 106, which ſet from 35 to 
36, on both Sdes, and draw the Line 56—56, and fo 
find alſo the Line 579—57. Then upon the Center A, 
which repreſents the Place ſailed from, draw a Quarter 
of a Compaſs, the Rhumb upon that Compaſs ſhews the 
true Courſe from Flanborougb- Head, at the Point A, to 
the Naze of Norway, at the Point ©, which you fee 
differs much from the Courſe found by the Plane 
Chart. 
The Diſtance between any two Places in a Mercator's 
Chart is thus found; find the Difference of 


L Latitude between the two Places, which here Fig. 55. 


is 3d. 42m. or 222 Minutes, which ſet off 
upon the Lines a4; take the 3 whole Degrees from 
the 3, and the 42 Min. in the ſubdivided Degree, ac- 

counting every Part 10 Min. becauſe the Degree is di- 
vided into 6 Parts; then keeping your Compaſſes at 
that Extent, lay a Ruler ſo, as it may juſt cut the two 
Plzces, whoſe Diſtance 1s required ; then ſet one Foot 
of your Compaſſes at the Ruler's Edge, ſo as that the 


other turned about may juſt touch ſome Enſt and Weſt 
Line, then keeping that Foot faſt that ſtood againſt the 


Ruler, open the other to the croſſing of the Ruler, and 
the ſaid Eaſt and Weſt Line, that Extent meaſured on 
the Parallel a b, allowing 60 Miles to every Degree, 

gives the true Diſtance required. 
| Thus a Scale laid from @ to ©, deſcribes the pricked 
Line ., then with 3d. 42m. in your Compaſſes, and 
one Foot in h, the other turned abbut will juſt touch 
the Line 375 — 57 ; then obſerve where the Line 
57—57 cuts the prick'd Line @ ©, as in k, the Ex- 


tent h E, meaſured on the Line 4 b, gives the true * 
tance, 


Ho to nol a true Plane . 
UT a Third Sort of Charts I ſhall now deſcribe, 
which is as true as Mercator's, and yet as plain, 


eaſy, 
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eaſy, and expeditious for Practice, as the Plane Chart, 
but it cannot be made but by a particular Voyage, and 
generally when you intend to come back the ſame Way 
you go, and it is thus made. 

Having the Latitude and Longitude of the two Places 
between which you are to ſail, find the true Courſe and 
Diſtance, by Caſe the Sixth of Mercator's Sailing, which 
found, ſet off the Courſe and Diſtance between the 
Place failed from, and the Place bound for, as you are 
taught in Traverſe Sailing Geometrical z, ſo have you two 
Points repreſenting the two Places, and if your Ship 
fail upon ſcveral Courſes and Diſtances, in Form of 
a Traverſe, as you are taught in Traverſe Sailing Geome- 
trical, you may every Day ſet off the Courſe and Diſ- 
_ tance from the Ship to the Place bound for, according 

to Mercator, and yet it 1s done as eaſily as in Plane Sail- 
ing. 1 ſhall inſtance in the fore-mentioned Voyage. 
„ 
A Ship fails from Rane Head 54d. tow. od. 1o0m.E. 
Intending for the Naze of Norway 57 50 7 22 E. 


For the A8 according to Mercator. 


As Merid. Diff. Lat. ———— 401 - 2.003144 
Is to Radius - Nan oom. — 10.000000 
So is Diff. of Long. 432 2. 2:035484 


To the Tangent of the 1 O8 — 10.032 340 
Then for the Diſtance. 

As Sine Comp. of Courſe——42d. 52m. — 9.832697 

To proper Diff. of Lat. — 222 2.346353 

So is Radius 90 OO —— 10.000000 


: — — — 


To the Diſtance — 1 2.513656 
Here A 8 F Head, B the Naze of 
Norway, the Line AB thegtrue Diſtance, 326 


Fig. 56. Miles, the Angle CAB 47d. o8m. the Courſe 
from the Meridian, and in this Chart the De- 


grees of Latitude are equal Diviſions, and eaſily repre- 


ſen ted, 
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ſented, but the Degrees of Longitude, if they are in- 
ſerted here, would be curbed Lines, and hard to pro- 
jet; nor is it needful, ſeeing upon this Chart you need 
not regard the Longitude as you go along, but only the 
Courſe, and Diſtance upon each Courſe, according to the 
Rules laid down in the ſecond Queſtion of Traver/e 
Sailing Geometrical, 5 

Having thus ſnewed how to make the ſeveral Charts, 
T ſhall ſhew the Uſe of them, when I come to give ſome 
Examples of keeping a Journal, in which I ſhall in- 
ſtance in the ſame Voyage, for which theſe Charts are 
projected, and ſhall ſhew the Learner how to prick off 
| e Day's Work upon each Chart; of which here- 
arter, 


. 


F 
How to take an Obſervation. 
NH E moſt uſeful and eaſy Way to take an Ob- 
ſervation by the Sun, 1s with a Quadrant, com- 
monly called Davis's Quadrant“, conſiſting of two 
Arches, in ſome a 30 Arch, and 60 Arch; but more 
commonly of late, an Arch of 25 Degrees, and another 
of 65 ; but the Way of uſing them is all one and the 
ſame; for by theſe Quadrants you do not ſo readily 
find the Sun's Altitude, but the Complement of the 
Sun's Altitude, commonly and (and properly) the Sun's 
Zenith Diſtance, being the Sun's Diſtance from the 
Zenith, or Point right over your Head, which 1s eaſily 
found by one of theſe Quadrants ; for having fitted your 
Vanes ſo, as that when you have the Horizon right 
through the Sight Vane and Horizon Vane, the Shadow | 
| may 


* When this Book was firſt publiſhed, Davis's Quadrant was the 
beſt Inſtrument then known by Mariners, for this Purpoſe ; but 
Hadley's is now ſo much in Uſe, ſo ſuperior in Practice, and ſo well 
underſtood, that nothing more need here be ſaid of it. 
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may at the ſame Time fall directly from the Top of the 


Shadow Vane to the Top of the Sir (which is the Mid- 


dle) of the Horizn Vane, ſtill removing the Sight 


Vane downwards, as you obſerve the Sun to riſe, till you 
find that the Sun is upon the Meridian, and then you 
have done your Obſervation for that Day. This done, 

obſerve what Number or Figure you have upen the 60 
(or 65) Arch, juſt under the upper Edge of the Sha- 


dow Vane, (which ſhould always be placed upon an 


even 10 Degrees, to ſave Trouble in the Addition) wag 


alſo to obſerve what Degree and Minute you have u 


on the 30 (or 25) Arch, juſt under the Middle of 
Sight Vane, even with the Line or Stroke that Bros 
from the Hole along the Middle- of the Vane; and 


theſe two Numbers added together, the Sum is always 
the Zenith Diſtance, which is to be uſed as in the fol- 
lowing Directions for working an Obſervation. 


How to work an Obſervation. 


HERE are but four Cafes, or Varieties in 
working an Obſervation, in whatſoever Part of 


the World you be, or whether the Sun's Declination 


be North or South. Ee 
The firſt is, when the Sun is between the Horizon 


and the Equincctial, and then the Rule is, ſubtract 
the Declination from the Zenith Diſtance, the Re- 
mainder is the Latitude of the Place. 

Demonſtration, 


The Latitude of any Place is the neareſt Diſtance 
between the Equinoctial and the Zenith of 


Fig. 57. that Place. The Sun's Declination is the 


Sun's neareſt Diſtance from the Equinoctial: 
And the Sun's Diſtance from the Zenith of the Place, 


is the Zenith Diſtance or Complemgnt of the Sun's Al- 


titude. Now, if from © Z the Zenith Diſtance, you 


ſubtract © E, the Sun's Declination, there remains 
EZ, the Latitude of the Place of Obſervation. 


Example. 


i 
} . 
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Example. 


Suppoſe the Sun's Zenith Diſtance be Z © 75, at | 
the Sun's Declination South E © 16, ſubtract © E the 


Declination 16, from © Z the Zenith Diſtance 76, 
there reſts EZ 60, the Latitude required. 


The ſecond Variation is, when the Sun is between 


the Equinoctial and the Zenith, and then the Rule is, 


Add the Zenith Diſtance to the Sun's Declination, the 
Sum is the Latitude of the Place: For if to © Z, the 
Zenith Diſtance, you add © E the Sun's Declination. 


the Sum is EZ, the Diſtance between -the Zenith and 


the Equinoctial, which is the Latitude required. 
Example. 
Suppoſe the Sun's Zenith Diſtance © Z 35, the Sun' - 


Dectination North E © 10,if to © Z 35 the 
Sun's Zenith Diſtance, you add E © 8 > the Fig. 58. 


Sun's Declination, the Sum muſt needs be EZ 
45, the Latitude required. 


The third Variety is when the Sun is between the 


Zenith and the elevated Pole, then the Rule is, ſub- 
tract the Zenith Diſtance from the Declination, the | 


Remainder 1 1s the Latitude of the Place. 
* Example. 
Suppoſe FR Sun's Declination be E 20, and the 


the Zenith Diſtance Z © 10: ſubtract the 


Zenith Diſtance Z © 10, from the Sun's De - Fig. 59, 


clination E © 20, there reſts E Z 10, the La- 
titude required. 


The fourth Variety is when the Sun is between the 


elevated Pole and the Horizon, and then the Rule is, 
ſubtract the Sun's Complement of Declination from 


the Zenith Diſtance, the Remainder is the Comple- 
ment of Latitude. 


N _ Example 
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Example. 

| Suppoſe the Sun's Declination be 22, (its Comple- 
ment is 68) the Zenith Diſtance is 85, then 
from Zenith Diſtance © Z 85, ſubtract the Fig. 60. 
Complement of Declination © P 68, the Re- 
mainder Z P 17, is the Complement of Latitude, 
which ſubtracted from go, leaves 73, the Latitude re- 

uired. 
1 But becauſe tis ſeldom that any ſail ſo far North or 
South, as that they can conveniently take a backward 
| Obſervation by the Sun, under the elevated Pole, in 

this Caſe it may be done by a forward Obſervation, and 

work with the Sun's Altitude or Heigth above the 
Horizon, and then the Rule is, Add the Sun's Altitude 
to the Complement of Declination, the Sum is the 
Latitude; thus if in in the laſt Example, you add the 
Sun's Altitude, O © 5, to the Complement of Decli- 
nation © P 68, the SumOP7 3, is the Heighr of the 
Pole above the Horizon, which! is the Latitude of the 
Place. 

This ſame Operation will hold in taking an Obſerva- 

tion by a Star, when under the elevated Pole, becauſe 


both here, and in all other Caſes in obſerving by the 


Stars, we are obliged to take the Obſervation forward, 
becauſe a Star caſts no light ſufficient for a backward 
Obſervation, and then, inſtead of the Zenith Diſ- 
tance, work with the Altitude. 

In forward Obſervations, whether by Sun or Stars, 
there are alſo Varieties, as in a backward Obſervation, 
which I ſhall only ſpeak to, the Demonſtrations being 
pretty evident from the foregoing Figures. 

The firſt Caſe is, when the Star 1s between the Equi- 
no&H and the Horizon, and then the Rule is, Add the 
Altitude of the Star to its Declinawon, the Sum is the 
Complement of Latitude, which ſubtracted from go, 
leaves the Latitude required. 

1 Secondly, 


q iO 


C 


56 ; 
Plate. 3. 


2 


* 


5 . 6 
te : E 


TTTITETTTTII 


1 


4 


A. l 


* 


1 


8 


30 e 
Hate. 3. 


EIL 


IE 


III 


* 7 6 oy 8B 90 
Rs | | 57 
. | . LE 7; 
24 
74 
[ 7 - 
1 85 


H 


Q 


. 72 & 


Set. V. How to Work an Obſer vation. 179 
Secondly, Wnen the Star is between the Equinoctial 
and the Zenith, ſubtract the Star's Declination from its 
Altitude, the Remainder is the Complement of Lati- 
tude. 8 | 
Thirdly, When the Star is between the Zenich and 
the Elevated Pole, then ſubtract the Complement of 
Declination from the Altitude, the Remainder is the 
Latitude. 
The fourth Variety is ſpoke to in the fourth Variety 
before going; and ſo much ſhall ſerve for working an 
Obſervation ; theſe Rules if well obſerved, being ſuf- 
ficient for working Obſervations in all Latitudes, whe- 
ther North or South, and at all Times of the Year, 2 
little Practice will therefore make them evident. 
It is poſſible to take an Obſervation by the Moon; 
but there are ſo many Things to be accounted for, as 
Paralax, Refraction, Cc. and the Moon ſeldom to be 
ſeen but when ſome known Star may alſo be ſeen, and I 
having in this Book inſerted a Table of the principal 
fixed Stars, their Declinations, c. I ſhall refer the 
Reader to ir, the Sun and Stars being ſufficient in all 
_ Caſes for taking Obſervations in common Practice. 


* . 1 5 3 m " _ 


E er. v. 
mu to reckon the Tides, 
Of the General Motion of the Tides, and bow to know the 
Time of High-Water at any known Port, only by a 
Sight of the Mooon at any Time of the Day or Night. 


— ꝶ6— 


— 


: HOSE who deſire to give a good Account of 


the Tides, or of the Time of High-Water or 


Low Water, at any Port or Harbour propoſed, it is 
neceſſary, in order thereunto, that they ſhould have 
a right underſtanding of the original Cauſe of the 
Motion of the Tides, or Ebbing and Flowing of the 
Sea; a thing which hath heen often in Diſpute we 
5 
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the Learned, both Mathematicians and Philoſophers, 


, whoſe different Sentiments have rendered the Thing as 
dubious as when they firſt began with it; ſome aſcribing 


the Fluctuation of the Sea to the ſwift Motion of the 
Cupernican Syſtem, and the. 
Water being a Fluid Body, and not preſently acquiring 
ſo ſwift an Agitation as the Earth itſelf, it muſt conſe- 
quently be higher Water upon one Part of the Globe 


'Earth, according to the. 


than upon another, and this they illvſtrate thus: Sup- 
poſe a Boat under Sail, with freſh Way, and a ſmall 
Quantity of Water in the Boat, it ſeems very plain, that 
the ſwift Motion of the Boat would make the Water in- 


cline rather towards the Stern of the Boat; but if the 
Boat, when ſailing with that Speed, ſhould be coming a- 


ſhore, or ſome other Accident, ſhould meet with aſudden 
Interruption, and at once ſtand ſtill, the Water ſtill 
retaining in ſome Meaſure its former Motion will pre- 


ſently run to the fore Part of the Boat, and by this 
they would ſome Way or other Demonſtrate, that the 


Motion of the Tides depends upon the Motion of the 
Earth: But to uſe no other Arguments for the Canfu- 
tation of this Opinion, the Abſurdiry hereof will ap- 


pear in this; that if the Motion of the Earth was the 
original Cauſe of the Motion of the Tide, then the 


Tide mutt neceſſarily follow the Motion of the Earth, 
(or to our Appearance the Motion of the Sun) and 


_ conſequently it muſt alwaye be High-Water at one 
Place, at one and the ſame Time ef the Day; but 
the contrary is ſo evident to all, that there needs ne 


more to be ſaid to diſprove it. 
Others ſay that the Flowing of the Tide is occaſioned 


by a oreat Confluence of War proceeding from the 


Mael- Stream, called by ſome the Navel of the Sea, 
being (as is reported) an Eddy or Whirl-pool, under 
the Weſt-Coaſt of Norway, or Finmork, from whence 
(it is ſaid during the ſix Hours Flood, the Water if- 
' ſues violently out, and occaſions the Riſing or Flowing 
: ot the Warr | in all the FR__ Parts, and ſinks with 


the 
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the fame Violence during the Ebb; fo that it is ſaid, 
that during the Flood, the heavieſt Metal will not ſink; 


and during the Ebb, the lighreſt Subſtance, or the beſt 
of Ships will not ſwim ; but what Reaſon they will 


give why this ſtrange. Ebbing and Flowing (if it is ſo) 
ſhould be regulated and governed by the Motion of the 
Moon, I do not underſtand, unleſs this Iſſue of Water 
be ſupplied by ſome Communication that it hath with 
the Eaſtern Seas, or by ſome Paſſage under the Main 
Continent of Norway; but this being an Uncertainty, we 
ſhall wave it, as well as the Opinion of a third Sort, 
who affirm that God, who created all Things, gave 

Life to all his Creatures; and that the Ebbing and 
Flowing of the Sea is no more but the Breathing of 


the Earth, which ſeems to me a very odd Fancy, and 
not worth inſerting, had it not been in this Collection 


of the various Opinions of the Learned upon this 
Subject. I ſhall among the reſt, deliver my own Opi- 


nion in the Matter; and although I do not think my- 
ſelf able, intallibly to give a definitive Sentence in the 


Caſe, yet I ſhall endeavour to prove it to be conſiſtent 


with the Obſervations and Experience of our Mariners, 
and ſhall anſwer what Objections can eaſily be made 


againſt It. - 
It is evident to all that own the Rotundity of the 


Earth, (a Thing generally out of Controverſy among 


the Learned) that there is a Principle of Gravitation 


towards the Center of the Earth, and that this attrac- 


tive Influence is diffuſed to all Beings whatſoever with- 
in the Orb thereof; and hence it is, that we who in- 
habit the Earth find no ſuch Thing as an upper Side 
and an under Side of the Earth, but in all Parts of the 


Superficies thereof we find a like natural Tendency 
towards the Center, as it is evident by the Experience 


of thoſe who have failed about the World, and yet in 
their ſo far different (if not diametrically oppoſite) 


Places that they have failed ro, have found themſelves, 


and every particular Thing to have the ſame praliing 
N 3 
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Inclination towards the Center of the Earth, which 
ſeemed to them to be downwards, as well as it "doth to 
us. Now if we grant the Earth this ſtrong Principle 
of Gravitation, Inclination, or Attraction towards its 
Center, which Reaſon and common Experience proves, 
we have Reaſon from thence to þelieve, that the other 
Bodies, as the Sun and Moon, have the fame Princi- 


cop of Gravitation towards their Centers, {which may 


proved by ſome Reaſons, which, to inſert here, 
would be tos you a Digreſſion from the preſent Sub- 

je) and which being granted, I ſuppoſe the Ebbing 
and Flowing of the Sea to be oc ad by the At- 
traction of 3 Sun and Moon (eſpecially 4 Moon 
being a ſecondary Planet, which moves far nearer the 
Earth, and reſpects it as her Center) the Strength of 
which Attraction, although it cannot have any in- 


fluence upon the ſolid Parts of the Earth, yet the 


Water being a fluid Subſtance, is more eaſily affected 
with this attracting Power, and by Virtue thereof, 


(while the Earth continues round) the Water is gently 


ſucked and drawn into an oval Form, by reaſon of its 


inclining Tendency towards thoſe attractive Bodies, 


thereby caufing High-Water where the Ends of the 


L Oval is, and conſequently Low-Water at the Middle 


of the Oval, as may be demonſtrated thus ; ſuppoſe 
two Hoops made of any flexible Subſtance, as Wood, 
fine Steel, c. of equal Dimenſions, and laid directly 


one upon the other ; and then if from oppoſite Points 


' the uppermoſt was extended into an Oval Form, it is 


evident, that as the extended Part or End of the Oval is 
drawn without the round Hoop, the two Sides, or Mid- 


dle of it, will be contracted and pulled within it; an 


ſtill, as the tranſverſe Diameter of the Oval was extend 
ed and augmented, the Conjugate or ſhorteſt Diameter, 
will be. contracted and diminiſhed ; which plainly de- 
monſtrates how the Water, when by an attractive Power 


it is drawn above its mean Elevation, at the End of 


the Oval, it muſt needs be depreſſed below its uſual 
Poſition 


— 


—— 
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- Poſition at the two Places a Quarter diſtant from theſe 
two oppoſite Points, which Elevation and Depreſſion 
is the Occaſion of High and Low-Water, which hap- 
pen at (near) fix Hour's Diſtance, between High and 
Low- Water, and confirms the Truth hereof, which is. 
alſo evident by the following Reaſons. 5 


Firſt, Becauſe the Motion of the Tides generally fol- 
lows, and is govern'd by the Motion of the Moon; ſo 
that the Moon being upon one and the ſame Point of 
the Compaſs, makes High-Water at any particular 
Place, at one and the ſame Time, (unleſs accelerated, 
or retarded by Winds, Land- floods, or the like) by 
which it ſeems very probable, that the Moon is the 
principal Agent in this regular Motion of the Sea; and 
if ſo, then nothing is more likely than that the In- 
fluence of her attractive Power, drawing the flexible 
Subſtance of Water into an eliptical or oval Form, as 
before aſſerted, is the Caſe thereof 
But Secondly, It is obſerved by all, that the Spring- 
Tides, (viz. at the New and Full Moon) are greater 
than the Neap-Tides (which are at the firſt and laſt 
Quarters) by which it ſeems evident, that although, 
as I ſaid in the laſt Paragraph, that the Moon is the 
principal moving Cauſe of the Tides, yet the Sun hav- 
ing alſo the like attracting Power, hath an Influence 
upon the Waters alſo, although not ſo great as that of 
the Moon, (becauſe the Moon is much nearer the 
Earth) and is a ſecondary Planet, reſpecting the Earth 

as her Center, and therefore, when the Sun and Moon 
are in Conjunction (as at the New Moon) or in Oppo- 
ſition, (as at the Full Moon) then the Tides are great- 
eſt; becauſe the attractive Influence of the Sun is added 
to that of the Moon, and both raiſe the Water at one 
and the ſame Place, making the Spring-Tides. But 
at the Quarters, viz. when the Sun and Moon are 
about go Degrees, or a Quarter of the Zodiac diſtant, 
then the attractive influence of the Sun, rather impairs 
that of the Moon; the one raiſing the Water where 
N 4 8 the 
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the other depreſſes it; ſo that although, for Reaſons 
before given, the Influence of the Moon's Attraction 
upon the Water is greater than that of the Sun, and 
therefore the Tides follow the Motion of the Moon, 
and not of the Sun, yet their contrary Influence leſſens 
the greater Influence; viz. that of the Moon ; which is 
the Cauſe of the Neap-Tides z and this alſo may be 
illuſtrated thus : Suppoſe a Hoop of Steel, or any flexi- 
ble Metal, be, faſtened to any Place, if a Man with a 
Rope fixed to one Side thereof ſhould pull with all his 
Strength at the ſaid Rope, it would make the Hoop 
decline into an eliptical or oval Form ; but if another 
Man, though of an inferior Strength, ſhould fix a Rope 
in the ſame Place where the firſt was fixed, his Strength 
added to the firſt would make the Ring or Hoop yet 
more eliptical, and would ſtretch out the tranſverſe Dia- 
meter thereof yet longer, in Compariſon of the Con- 
jugate. But if the firſt Rope remain fixed as before, 
and the other managed by inferior Strength, be re- 
moved a Quarter of the Hoop's Diſtance from the firſt, 
then although the Elipſis will in ſome Meaſure retain 
its own oval Form, inclining to the ſtronger Attraction, 
yet the Power of the contrary Attraction will depreſs 
the other, and cauſe the Hoop to retain a Form ar leaſt 
nearer to a true Circle, than as if the Attraction were 
all in one Place; and this plainly illuſtrates the diffe- 
rent Attractions, cauſing different Tides, viz. when 
the attractive Powers are united their Influence is greater, 
cauſing the Water to be more eliptical, thereby occa- 
Goning Spring Tides, at the New and Full Moon; but 
when the attractive Powers are ſeparated, as at the frſt 
and laſt Quarter of the Moon, the Influence of the 
greater is not ſo apparent, which is at the Neap- Tides. 
But my third Reaſon is, becauſe we ſee that the 
Spring Tides at the Equinoxes, viz. in March and Sep- 
tember, are commonly higher Tides than the Sprin 
Tides at the Solſtices, vz. in June and December; the 
Vun, and allo the New and full Moon, moving in or 
1555 near 
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near the FEquinoctial, in a right Aſpect to the Earth; 
whereas their influence is ſomewhat impeded at the 
Solſtices, by their more oblique Poſition to the Earth. 
All which ſeems plainly to prove that as the Tides are 
regulated and geverned by the Motion of the Moon, 
{o her attractive Power, together with that of the Sun 
when Joined with 1t, is the original Cauſe thereof. 
Now againſt what hath been ſaid, there ſeems two 


| rm Objections to ariſe ; the firſt is, that if the Tides 


e governed by the Moon, and if her Attraction be the 


_ Cauſe thereof, her apparent diurnal Motion being from 
_ Faſt to Weſt, it would follow that the Flood- Tides 
ſhould in all Places ſet Weſtwards ; but daily Expe- 


rience proves the Contrary ; for it ſets in ſome Places 


South, as upon the Ooaſt of England, and in ſome 
Places North, as upon the Coaſt of Holland; yea, and 


in ſome Places Eaſt, as in the Britiſh Channel, which 


makes againſt my former Aſſertion. 


A ſecond Objection is, that if the Tides be cauſed 
by the Moon's Attraction, it ſhould be Hig h-Water at 


al Places, when the Moon is upon the Meridian of the 


Place, or that a North or South Moon ſhould make full 


Sea in every Place; but the contrary is evident by the 


T ide-Tables, and by the Experience of all Sailors. 
In anſwer to the firſt, viz. that the Flood-Tides 


ſhould ſet Weſtward in all Places, (the Anſwer to 


which alſo partly imply an Anſwer to the ſecond, 


viz. that it ſhould always be High- Water at any 


Place, when the Moon is upon the Meridian of the 


Place) I grant that if the Tides be occaſioned as be- 
fore aſſerted, then this regular Motion of the Sea, from 


Faſt to Weſt, muſt neceſſarily follow, if this terraqueous 


Globe was equally environed with Water, and that the 


aforeſaid Motion of the Sea was not interrupted by 
the Land; but gt is evident, eſpecially where the Sea 


Joins immediateſy upon the Weſt of any main Conti 


nent, that the Flood cannot ſet Weſtwards there, be. 
cauſe that would be right from the Shore; as for Ex- 


ample, fu ppoſe the whole Land of f Europe and Africa 
| were 
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were all one Main Continent ; and ſuppoſe the North 
Cape of Finmark, in about Lat. 71. North, and the 
South Cape of Africa, in about Lat. 34. South, were 
both under one Meridian, and that this Main Continent 
were terminated on the Weſt with a ſtrait Coaſt, lying 
under the ſame Meridian which the twq extreme Points, 
the North and South Capes lie under ; now it is plain 
that the Tide cannot come from the Eaſtward upon 


this Weſt Coaſt; byt if the Tide be caufed by this 


Weſterly Motion of the Sea, according to the Motion 


of the Moon, it muſt ſet Weſtwards, about the North 
and South Parts of the ſaid Continent, and fo proceed 
from the North Cape Southward, and from the South 
Cape Northward, along this Weſt Coaſt; and the 
Truth of this ſeems evident alſo from our common Ex- 


perience; for we find, that the Flood proceeds from the 
Northward, along the Coaſt of Norway, and there finding 
a Paſſage between Scotland and Norway, marches along 
the Eaſt Coaſt of England, and hence it is High-Water 


ſooner in Scotland than in Englund, and ſooner on the 
| Coaſt of the North Part of England than on the South 


Part; thus it is High-Water at Aberdeen in Scotland, 
45 Min. after Moon's Squthing, but at Tinmouth-Bar, 


not till three Hours after, and at the Spurn 5 Hours 
and 15 Min. and at Cromer 6 Hours, and at Yarmauth- 


Pier 9 Hours, and at Harwich 10 Hours 30 Min. after 
the Moon's Southing ; the Tide at the ſame Time be- 
ing rolling along the Weſt Coaſt of Scotland, and from 
thence to the Weſt Coaſt of Ireland, that Paſſage be- 


tween the North-Eaſt Part of Irelazd, and the South: 


Weſt Part of Scotland, being ſo narrow, that the Tide 
finds little Paſſage; and therefore the Eaſt Coaſt of fre- 
land is ſupplied by a Tide which ſets Southward along 


the Weſt Coaſt; and hence the Tide flows Eaſtward, 


along the South Coaſt, and Northward along the Eaſt 
Coaſt thereof, as is evident by the Tirhe of High-Wa- 
ter obſerved in the Tide- Table; for upon the Full 
and Change Days, it is High-Water at Seyn Head at 
10 Hours 20 Minutes, from thence in 6 Hours it 

8 paſſes 


— . 
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paſſes along the Weſt Coaſt, and butts in upon the 


South Coal, ſo that at 4 Hours 30 Minutes it is High- 


Water at King ale, Cork and Waterford, and from 9 
in 45 Minutes more, it paſſes over to Milford, Lunch, &c. 
and at the ſame Time it ſlides Northwards, along the 
Eaſt Coaſt of Ireland; ſo that in 3 Hours 45 Min. it 
flows from Weterford to Dublin, and in 45 Min. more 
to the Ifle of Man, Sc. Thus the general Motion of 
the Tide to the Southward, having, as by a Branch 
procecded from thence, filled up all the Vacancy be- 
tween England and Ireland, it proceeds ſtill to the South- 
ward, and upon the Full and Change Days, it is High- 


Water at the Land's End of England at 7 Hours, 30 
Min and in its unwearied Motion to the Southward 


it finds a Paſſage up the Britiſp Channel, and 45 Mi- 


nutes after High- Water at the Land's End it is High- 


Water at Portland, and in 3 Hours 45 Min. more it is 


Og up to the Iſle of Wight, Southampton, and Portſmouth, 
ing High-Water at the ſame Time on the other Side 


of 1 9 upon the Coaſt of France, about Guern- 
fey and Ferſey, and ſo proceeds ſlowly along the Coaſt 


of France and Holland (till to the Northward, being ſup- 
plied by a Tide up the Channel; and this (to follow It 


no further) may ſufficiently prove, that the General 


and Original Motion of the Tide Weſtwards occaſions 


its Motions to the Southward along the Coaſt of Nor- 


way, and conſequently all its compounded Motions and 


Branches into the Ii Sea, the Channel, Cc. And it 
is evident, that although the Tide, if not interrupted, 


ſhould be at the Height where the Moon is upon the 
Meridian; yet it finding ſo many whirling Motions to 


and fro between the Lands, the Moon at the ſame Tims, 


keeping her ſtrait and uninterrupted Courſe to the Weſt- 


ward, all the Time that thoſe irregular Vacuities are 


filling up, it 1 that the Moon muſt needs be paſt 


far from the Meridian before it can be High- Water at 


ſome of thoſe Places, and yet the Tide occaſioned as 
before aſſerted; which I think will ſufficiently anſwer 
the two Obje&tions before mentioned, and prove this 

3 
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Hypotheſis to be very conſiſtent with Reaſon itſelf, and 
the Experience of all Obſervers. 
Now if any Body will ſtill inſiſt further upon what 
1 hinted upon before, viz. That the Tide is occaſioned 
by a Confluence of Water ariſing at the Mael-ſtream, or 
| Navel of the Sea, and proceeding from thence, &c. and 
for Confirmation thereof will alledge that they have ſeen 
and obſerved this regular Riſing and Sinking of the 
Water (before ſpoken of) at that Place; J anſwer, 
I can eaſily approve of this Opinion, without denying 
mine own hithereo aſſerted; for they are very eaſily 
reconcilable ; fince it is poſſible, apd very probable, 
that this Ebbing and Flowing at the Mael-ſtream, may 
be occaſioned by ſome ſubterraneous Cavern, whereby 
this Place hath ſome Communication with the Eaſtern 
Seas, and is ſupplied from thence ; which being granted, 
it will follow, that while the Tide (whoſe general Mo- 
tion is Weſtwards) is interrupted by the Continent of 
Norway, &c. and thereby is forced to find a Way about 
the North Cape; yet by the Way, finding the Paſſage 
under Ground, and the Tide, by Virtue of the Moon's 
Attraction, inclining that Way, there may be ſuppoſed 
to be ſo much Water conveyed that Way as that ob- 
ſcure Paſſage can contain, though far ſhort of ſo much 
as to occaſion that Flowing and Ebbing that is obſerved; 
and this being granted, it is evident, that this Rifing 
and falling at the Mael-ſtream, muſt needs keep Time 
with the Motion of the Moon, and of the reſt of the 
Tide; becauſe it proceeds from the ſame Original, and 
is 2 ſmall Branch thereof; and this we may ſee illuſtrated 
by our common Rivers, whoſe Natural Motion, when 
i.tzerrupted by Banks, or other Impediments, cauſeth 
the main Body of the Water to find a Paſſage ſome. 
other Way; yet if at the ſame Time any ſmall Holes 
be found in the ſaid Banks, there willalways ſo much 
Water paſs thereby as the ſaid Holes can contain; 
though the main Body of Water is forced another Way: 
Hence, from what has been ſaid, it is plain, var. this 
mall 
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ſmall Flood and Ebb obſerved at the Mael-ftream, muſt 
needs have the ſame regular Motion with the reſt of 
the Tide, which I ſuppoſe has at firſt occaſioned, and 
ſince ſeemed to confirm that Opinion that the Tide pro- 
ceeds only from thence. | 
To what has been ſaid I ſhall only add, that this 
which I have here inſerted ſeems yet to be further con- 
firmed by our Obſervations abroad ; for it. is obſerved, 
that there is little or no Tide at the Straits of Gibraltar, 
nor upon the Coaſt of Guiney; nor can it be 
according to this Hypotheſis ; for if the Tide comes 
from the Northward, it may be ſuppoſed, that by the 
Time it hath pailed ſo far along, and having ſo many 
| Vacancies to fill up, as the German Ocean, the Irifb Sea, 
the Britiſþ Channel, the Bay of Biſcay, &c. its Power 
muſt be very much impaired, if not totally exhauſted, 
before it comes ſo far as the Coaſt of Africa before men- 
tioned. 
Now it may be c queſtioned, what is the Reaſon * 
there is little or no Tide in the Baltict Sea, ſeeing there 
are ſtrong Tides almoſt on every Side of it, viz. upon 
the Coaſt of Norwny on the North of it, on the Coaſt 
cf Holland on the South, and on the Coaſt of — 
on the Weſt of it, Sc. 
1 anſwer, it is hard to determine abſolutely what is 
the Cauſe thereof; but I ſhall lay down ſome Conjec- 
tures, which may conclude very much that Way ; for 
if it was High-Warter at the Naze and Coaſt of Nor- 
way, at the ſame Time that is High-Water upon the 
Coaſt of Futiand Southward from the Baltick Sea, it 
muſt needs force a Tide into the Baltick Sea, as well as 
High-Water (upon any Coaſt) forces a Tide up the In- 
land Rivers there; but this cannot reaſonably be ex- 
pected, if we conſider, that the Tide along the Coaſt 
of France, Holland, and Jutlaud, proceeds from the Bri- 
tiſh Channel, and comes from thence North vards, 
along the Coaſt of Holland, &c. but the Tide upon the 
Coaſt of Norway lies to the Southward, as hath been 
largely proved, the two Tides both terminating at the 


Month | 
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Mouth of the Balrick Sea; hence it is very probable, 
that it may be High- Water upon the Coaſt of Futland, 
when it may perhaps be Low- Water, or ſome interme- 
Hate Tide at the Naze, or South Coaſt of Norway; and 
if ſo, it cannot force a Tide into the Baltick Sea, but ra- 
ther a ſucking Current, ot Inclination of the Sea from 


that Place on one Side of the Mouth of the Baltick Sea 
here it is High-Water, to that Coaſt on the other 

Side where it is Low- Water, and hence it will neceſſa- 
rily follow, that this Current muſt ſet ſometimes one 


Way, and ſometimes another. And this may be aſ- 


figned as a Reaſon why many have found themſelves 


deceived in their Reckonings, when intending te make 
the Naze, or other Lands thereabouts ; and when they 
have imputed their Miſtakes to a Current ſetting to- 


| wards the Point of the Compafs, towards which they 


have found themſelves unexpectedly carried, thinking 
thereby to regulate their future Reckonings, they 


have found themſelve at another Time under a quite 
contrary Frror, and hence have concluded that there 


was no Current at all, but ſome other Thing hath been 
the Cauſe of their Error; whereas, if the Tides upon 


the Coaſt of Norway and Jutland, viz. on each Side of 


the Mouth of the Baltick Sea, were carefully obſerved 


and determined, and the Current allowed to run or ſet 


from the Higheſt Water to the Loweſt, (upon which 
of theſe Coaſts ſoever it were) and to be at a Stand 


only when the Water upon borh the ſaid Coaſts were of 
equal Height (whether Riſing or Falling) I queſtion 


not but that the Motion of this Current might thereby 


be limitted and determined, as well as the Motion of : 


the Tides elſewhere, and due Allowance might be given 
for the Current there. as well as for the Ebbs and Floods 
in other Places, to the great Satisfaction and Advan- 


tage of thoſe that Uſe the Eaſ- Count) Trade. 
This Motion of the Tide thus granted, I ſhall next 
ſhew how to find the Time of the Moon's Southing, and 
(with a little Application) the Time of High Water by 


a Sight of the Moon, at any Time of the Day or Night. 
e N 1 How 


comes to the South at Midn 
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How 70 know the Time of the Moon's coming to the South, 
- 4 a Sight of the Moon, at any Time of the Day or 


T is commonly known, that the New Moon being 
in Conjunction with the Sun, Souths at Noon, and 
the Full Moon being oppoſite to the Sun, 


night; and at the Hg. 6r. 
Quarters, when ſhe is juſt half full, viz. ro 

the Line N. 6. S, which croſſes the Figure diractly in 
the Middle, then ſhe is South at 6 O'Clock, and if the 
light Half be on the Weſt Side N.W.S. and ſhe half 
full, ſhe Souths at 6 in the Evening, as at the firſt 
Quarter ; but if the light Half be on the Eaſt-fide, 


N.E.S. ſhe Squths at 6 in the Morning ; which grant- 


ed, the Moon's coming to South upon any other Phaſis, 


or at any intermediate Age, may be eaſily gathered from 


the Pigure, obſerving this General Rule; when you ſee 


the Moon at any Time of the Day or Night, obſerve 


how much of the Moon is light, whether on the Eaſt 


or Weſt-ſide, and compare it as near as you can with 
the Figure, conſidering to which Line in the Figure 
you ſuppoſe the light Part will reach, and obſerve what 


Number is upon that Line, for that is the Hour art 
which the Moon will come to the Meridian that Day or 
Night; as for Example; 

Suppoſe I obſerve the Moon, and find her ſomewhat 


more than half light on the Eaſt- ſide, ſo that compa- 


ring the Moon with the Figure, I ſuppoſe the light 


Part to appear like the light Part of the Figure; then 


I obſerve to what Number the light Part reaches, and 
I obſerve it reaches to the Number 5; and hence I 


| conclude, that the Moon comes to the South about 5 


o'Clock ; and becauſe the light Part is on the Eaſt-ſide, 
I conclude it is 4 5 in the Morning ſhe will be upon the 


Y Meridian. 


Again, Suppoſe I fee her in the Evening, and the 
light Part on the 9 as near As I can compute, 


to 
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to be like the darker Part of the Figure, towards the 
right Hand, then obſerving how far the light Part ex- 
tends, I ſee it comes to the Figure 5; and becauſe the 
light Part is on the Weſt- ſide, I conclude ſhe will be 


South at Five in the Evening, &c. 1 
And thus you obſerve the Moon two or three Days 
after the Change to appear in the Weſt in the Evening, 
with a very little light on the Weſt. ſide, which by 
Computation may be ſuppoſed to come as far over the 
Moon's Body as the Figure 3, I conclude ſhe has been 
upon the South that Afternoon about Three o'Clock, 
and the next Night you will obſerve the Light to en- 
creaſe, and come towards the Figure 4, I conclude ſhe 


was South that Afternoon between 3 and 4, or near 4, 


and then perhaps 5 or 6 Days after, I obſerve the light 
Part encreaſed beyond half the Body of the Moon, as 
far the Arch N. 8. S. I conclude from hence, that the 
Moon is South about Eight that Night; and although 
this Method is not ſufficient to find the Moon's South- 
ing exactly to a Minute, yet it is of ſufficient Exactneſs 
for Reckoning the Tides, where a Quarter of an Hour, 
or Half an Hour, make no Material Error, it being ge- 
nerally impoſſible to predict the Tides to the abſolute 
Exactneſs of a Minute, although vou had the Moon's 
Southing exactly, becauſe Winds or Land Floods, Sc. 
may alter the Tides, and few that have the Charge of 
a Ship will truſt to the firſt or laſt Scruple of the Tide 
for going into an Harbour, or coming out, but wil] en- 
deavour if poſſible, to have the beſt of the Tide, and 
to be ready for it againſt it comes, whether Ebb or 
The Moon's Southing being thus found, the next 
Thing is to ſhew how thereby to find the Time of High- 
Water at any known Port; and for an Help thereunto, 
J have inſerted a Tide- Table, in an Alphabetical Or- 
der, in which you need but find the Name of the Port, 
at which you would know the Time of High-Water, 
and againſt it you have a Number of Hours and Mi- 
nutes, Which added to the Time of the Moon's South - 


ing 
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ing, gives the Time of High- Water at that Place that 
Day; as for Example, 

Suppoſe I was lying before Tinmouth Bar, waiting for 
half Flood to go in, I happen to ſee the Moon in the 
Morning, and | obſerve the Eaſt- ſide of the Moon to 
be light, like the light Part of the Figure before ſpoken 
of, viz. It is by Computation ſo much above half the 
Body of the Moon that the whole light Part reacheth to 
the Figure 5 ; and becauſe the Light is on the Eaſt- 
ſide, I conclude ſhe is South at 5 in tne Morning, then 1 
look in the Tide-Table, in the Letter T, and find 
Tinmouth, and againſt it I find 3 Hours o Minute, 
which added to 3, the Time of the Moon's Southing, 
the Sum, which is 8 Hours o Min. is the Time of 
High-Water at Tinmouth-Bar , ſo that I find I may go 
in about 5, 6, or 7 o'Clock, with the Flood Tides ac- 
cording to the brake of Water that my Ship re- 
VVV e . 

— Now it is not neceſſary, that you ſhould always have 
this Book or Figure about with you, for you may, with 
a a very little Practice, get the Nature and Reaſon of it 
imprinted in your Memory, always remembring that 
the New Moon being with the Sun South at Noon, and 
the Full Moon being oppoſite to the Sun, ſouths at 
Midnight. The Moon in the firſt Quarter is South at 

6 in the Evening, and at the laſt Quarter is South at 6 
in the Morning. All the intermediate Times of her 
Age may be eaſily computed according to the Figure, 
exact enough for finding the Time of High-Water at 
any Port mentioned in the Tide-Table. = 

If any will object, that what hath been ſaid ſerves 
only for finding the Time of High-Water, at Places 
mentioned in the Tide-Table, but no where elſe; I an- 
ſwer, that by this Way of finding the Moon's Sourhing, 
and conſequenffy the Time of High-Water at any Port 
mentioned in the Table, together with a right Appre- 
henſion of the General Motion of the Tides, as you 
have it ſufficiently deſcribed and illuſtrated, in the Be- 
ginning of this Section, you may be able to give a very 

_—_— Soo 


194 Of the Tide. Chap. VII. 
good Account of the Tide both at thoſe Places inſerted 


in the Table, and at thoſe that are not, provided you 
know but upon what Coaſt the Places are, and how 


ſituate from ſome known Place expreſſed in the Table, 


and whether they are upon the Sea Coaſt, or up ſome 


River, and the like; as for Inſtance, ſuppoſe coming 


from the Weit of England, up the Channel, intending 


for Brulloigne, and not having a Tide-Table that hath 


the Port of Bulloigne expreſſed in it, I am at a loſs to 


know how the Tide falls, (ſuppoſing it at New Moon.) 


Now ſuppoſe in my Tide-Table, I find Diepe and Dun- 
kirk (Ports on each Side of Pulloigne) and upon Exami- 
nation I find it is High-Water at Diepe, on the Full and 


Change Days, at 9 Hours 45 Min. Again, I find it 


15 High- Water at Dunkirk the ſame Day at 12 o'Clock ; 
now I conclude that Bulloigne lying betwixt theſe two 
Ports hath alſo High-Water between theſe two Times, 
and not long after High- Water at Dzepe, as, if you look 
in the Table, you will find it High-Water at 10 Hours 
30 Min. at the Full and Change. 
In like Manner, if you obſerve the General Motion 


of the Tide to the Southward, along the Coaſt of _ 


land, and to the Eaſtward, up the Channel, &c. y 


may, by knowing the Time of High- Water at = | 


Port, very eaſily compute the Flowing and Ebbing of 


the Tide at any adjacent Port, and with Allowance for 


deep Bays, or inland Rivers, you may very nearly de- 
termine the Time of High- Water at any deſired Port. 

But for Variety, and the univerſal Satisfaction of all 
Navigators, I ſhall inſert another (though common) 
Method of finding the Moon's Age and Southing, by 


the Epact, in order to which you muſt firſt find the 


Golden Number, which is thus done. 
Add 1 to the Year of our Lord, and divide that 
Sum by 19, the Remainder is the Golden Number. 


2. For the Epact, multiply the Golden Num ber by 
11, divide the Product by 30, from which Quotient 


ſabtract 11: and the Remainder *- the Epact for the 


Year propuſed, 3. For 


* 
1 & 

= . 
6 

2 

25 


Sect. V. Of the Tide. 195 


3. For the Moon's Age add the Epact, the Day of 
the Month, and the Number of the Months (as ex- 
preſſed below) together, and caſt away 30 if the Sum 
exceeds; the Total if under 30, or the Exceſs if a- 
bove 30, is the Moon's Age. 

4. For the Moon's Southing, multiply the Moon $ 
Age by 4, and divide the Product by 5, the Quotient 
is the Hour, and for every one that remains add 12 
Min. gives the Time of the Moon's Southing. 

The Number for the Months are, 
d 2 1 2 34 5 6 and 8 

8 $ 10 and 10 theſe are the Numbers right. 

That is, Fan. o, Feb. 2, March 1, April 2, May 3, June 
4, Fuly 5, Auguſt 6, Sept. 8, Oc. 8, Novem. 10, Decem. 10. 
Note; The Epact is here ſuppoſed to change the firſt 
ar January. 

Example. 

I defire to know the Time of High- Water at Berwick 
the 16th Day of October, 1763. 6 
Firſt for the Golden Number. 


The Year 1763 19)1764(92. 
Add — — 1 84 
Sum = — 1764 16 


The Quotient 92 is of no Uſe in this Caſe ; the 
Remainder 16 is the Golden Number required. 
T0 find the Epact. 

The Golden Number — 16 

Multiply "- — — 1 
N 
2 


306577506 
26 


From the 3 (26) take 11, and che Reſidue 
15 is the Epact required. | 

Note; If you cannot ſubtract 11 from the Remain- 
der, you muſt add 30 to the Remainder, and then ſub- 
tract 11 from it, and the Remainder will be the Epact 
required according to the New Style, but this Rule wil! 
not hold good after 1799, = —(Y ur 


Which divide <a 
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For the Moon's Ape. 

The Epact — =; 

The Number for Ofiober —— 8 

The Day of the Month 16 


Sum ———— 


ſeen by the Table of the Moon's changing immediate- 
ly following the Tide-Table. 
Fe. or the Moon's Southing. 


Multiply the Moon's Age 9 by 4, the Product 36 


divide by 3, the Quotient is 7, and 1 remains, viz. 


Hours and 12 Min. paſt Noon, to which add 1 Hour 


30 Min. found againſt Berwick in the Tide-Table,- the 
Sum 8 Hours 42 Min. is the Time of LHigh-Water at 
Berwick, Oftober 16, 1763, in the Morning 


But den the Spring Tides do not ſhift ſo much 


as the Neap Tides, you may yet be more exact in uſing 


the Table annexed. 


15 different Shifting of the Tides; yet I 
either way 1s exact enough for com- |14 291 


15 30 


. The Uſe of this Table is very * ine 
eaſy, as I ſhall inſtance in the fore- | Age. H. M. 
going Example. | —— . 
Find the Moon's Age g under | 1 16] o 42 
(Moon's Age) and againſt 1 . 
Column of [Time] you have 5 | 3 18 1 52 
Hours 30 Min. which added to 14 19 2 22 
Hour 30 Min. the Time found a- | 5 20 2 33 
gainſt Berwick in the Tide-Table, | 6 21] 3 28 
the Sum 7 Hours 20 Min. is the | 7 22 4 8 
Time of High-Water required, dif- | 8 23| 4 55 
fering from the former by 1 Hour | 9 24| 5 50 | 
22 Min. being more conſiderable as [10 25] 6 53 
it is near the Quarter, but nearer 11 26| 7 58 
4 | 
I 
Oo 


the Truth, becauſe it allows for the [ 27 


mon Uſe. 


- —— 39 from which ſub-_ 
tract 39, the Remainder q is the Moon' S Agre required, 


the Moon changing on the 7th of OZober, as may be 
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Note,; What is here ſaid of the Tides is meant 
as to their general Motion ; the Half Tides, Quarter 
Tides, and Currents, being a Thing that depends fo 
much upon Experience, that it is vain to think of them 
here. | 


large Tide-Table after 2 New Method. 


= H. M. | 5 © 3 
A Berdeer' ——— o 45 | Briſtol Key 6-45: 
1 Army —— — 1 30 | Bridgwater —— 7 45 
St. Andrews 2 15 | Cape Blanco ——— 9 45 
Amderdm—— 3 © | Bulloigne — 11 0 
Armentiers w—— 3 © | Race of Blanquet — 12 o 
Arbroth — 3 1 _ | 1 
Antwerp — 6 o| © ON.” 
Archangel ——- 6 0 C WE 2 » 
Abermorith —— —— 6 ©| FIAPE Cantin i Bar- 
Amazons Rider in South bary «= | 5 
America eee 6 © | Calais without w——_—_ 1 39 
Aldborongh - — —= 9 45 | Canmert — —— 7 yo 
5 1 I Conquer — 2 1 5 
5 Cork in Ireland ——— 4 30 
| B | E. M. Cape Clear in Ireland — 4 30 
EACHY —— o oO | Caldy — 5 15 5 
Bajador ix Barbary o o© | Carnarvan Bay : 3 3 
Blacktail Beacon o 15 | Cromer — 2 * 
Blackneſs I 30 | Caſkets auit hu n 
Berwick — — 2 15 Cape Sierre-lion in Gui- 
Bluet without —— 2 15 „ — — 8 15 
Britain South Caf — 3 Chamberneſs 9 45 
Biſcay Coaff — 3 00 Cowes | m———_—_— 
Bourdeaux River —— 3 © Caen in the Foſs — 10 30 
Buchaneſs — 3 o© | Calais Read — 10 30 
Bona Eſperance —— 3 © | Calſhot — 11 15 
Bell Iſle — — 3 30 | Condado — 12 © 
Breſt — 3 15 3 5 
Baſs without ——— 3 * e N 
Bridlington — „ 0} H. M. 
Bourdeaux River within 3 45 Unkirk —— 0 0 
Brovage without —— 3 45 Dover Pier DS .'@ 
Baltimore — 4 30 | Port Deſire in America o o©o 
Bree Souned — 4 30 | Downs — 1 0 
Bremen — 6 Dundee ** 
Blackney —— — 6 o Denby — — 2 
Eriſtol — 6 30 Dort — 3 
| ae 


„ but 


198 


H. M. 

Dunbar — ——— 4 30 
Dungarven 4 8 
Dartmouth ———— 6 o 
St. David's Head —— 6 © 
Dublin in Ireland — 8 15 
Dunnoſe _ 
Diepe —— — 10 30 
Dunwich ——— — 9 45 


A large Tide-Table 


Dungeneſs —— — 9 45 
Dover ——— 10 30 
E H. M. 
Mdenä—— Oo o 
Eider ——— — o © 
Elbe! — © o 
Enchuyſen ———— o o 
Edam — 1 30 
Edinburgh 4 30 
Egmont — —— 4 30 
Exwater 5 30 
Entrance of the Emes — 7 30 


— , — 


Foy 


— 


F H. M. 

Landers C . — o o 

Fluſhing 6 44 
Finmark Coat — 1 30 
Fountney without —— 2 15 
5 ee, thi Head — 4 © 
Falmouth — 5 15 
Forn 1 ug 
F 
Foulneſs « — 6 45 
'The Fly — 7 30 
Frieſland Coaf? 720 
Florida i»: . 7 0 
Foreland Norib and South g 45 
Firth ——— 140 30 
Fair Iſle Roads =» -18: Ig 


8 H 


Grav eling 


\ Thraltar Road — I : 
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Guernſcy — 1 30 
Goree — 2:30 
Graveſend — 1 30 
Galicia — — 3 o 
Gaſcoigne =< — 3 
Groyne ——— — 3 
Garonne Mouth —— 3 
. H. M. 
Ever — 0 0 
Hern © o 
Holy Iſland 1 
Hartlepool ——— — 3 0 
| Huntcliff Foot — — — 3 45 
Humber Mouth —— 5 15 
Holms — — 6 O 
Hull — — 6 o 
Hamburgh — 6 o 
Hague — 8 15 
Harlem — 9 0 
| Havre de Grace —— 9 0 
| St. Hellens 10 30 
Harwich — — 11 0 
: Eo» „ 
Utland 1/es 0 
Ireland W. Coat — $ 
Ireland South Coaff — 5g 1 
. de Luce — 10 3 
. K W * 
Entiſ Knock 98 
Killiars 3 
Ninſale 22 Ireland - — 4 3 
ow Rs H. M. 
Iſbon — m m—_— 
St. Lucar . 
London ———— — 2 30 
Leith 1 
Lawreneſs — — 4 30 
8 Lynn without —_ 5 15 
x Lunde 
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after a new Methed. 


S 
S 


L Poictou South Conf 


H. M. 
Lundey —— —— 5 15 
Lynn — 6 0 
Lanion _ 
Land's End ——— — 7 30 
Lizard oe OL 
Lam ay — 3 
 Leoftofie — L 

oa Be - - 
M H. M. 
AZE within — 0 45 
Malden —— — 0 45 

St Mark — 2 15 
St. Matthew's Point — 3 45 

Mount's Bay — — — 4 30 
Milford —— — — 5 15 
Moonleſs — — — — 5 15 
St. Maloes —— —— 5 15 
Magneſs Sound — — — 8 15 
Mackwell's Cale —— 8 15 
Ifle of Man — — — 9g o 
Margate Road — — — 11 15 
N H. M. 

T Export / in tbe Iſle _ 

of Wight — — o o 

Nore Wet End — — o o | 
North C. Maggero — 3 © 
Nantz River without — 3 © 
| Newcaltle — — —— 5 15 

St. Nicholas in Ruſſia — 6 45 | 
Needles —— ——— 9 45 
Normandy Coaff — — 10 30 
Naze —— — —— 11 15 
9 H. M. 
\Rkney 9 
Orwell — — 9 oO 
Ortordneſs —— —— 9 45 
— — | — 

„„ „ 
Ortſmouth — —— o o 

S941 


H. M. 
Porthus — 3 0 
Pennes 3 
Plymouth —— —— 2 25 
St. Pow ls 6 © 
Podeſemeſk in Ruſſia — 6 45 
Peterport— —— 8 15 
Portland —— ——— 8 30 
Picardy Coat — —— 10 30 
* H. M. 
Ueenborough —— 0 o 
© Quebeck * in Ca- 
nada — —— 6 o 
R 3 
Ebdan — — 0 45 
Rocheſter—— o 45 
Rumney — —— 1 30 
Ramkins —  . 7] 30 
Robin Hood's Bay — 3 o 
Rotterdam —-— —— 3 © 
| | Rouen — —— | 3 | 48 
Rochel awwithout —— 3 45 
| Roan R. ver within — 3 45 
Ramſey — — — 3 5 15 
Rye — — _ 1; 
Rhodes — i n 
8 H. M. 
HO E 5 
Sheen! 0 0 
Sleeve 8 
| —— 5 
. Spits — 2 0 0 
| Shetland — — 3 0 O 
| Scully — 4; 
| nk — 3 45 
| Sound — 3 45 
Staples — 3 45 
Seven Iſles —— — 4 30 
Severn's Mouth ——— 5 15 
Stockton — 5 „ 
Spurn — 1 
eee, 
O 4 Start 
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On a 


H. M. | W H. M. 
Start — — 6 45 SLE of Wight — o o 
Sedmouth — 6 4c Winchelſea — — 0 45 
Shelberg —— — —— 9 ] Weilands ——— — 1 30 
Seven Cliffs — —— — 9 o Whitby nn i 
Shorcham —— —— 9 45 Waterford in Ireland — 6 
Seyn Head —— —— 10 3o | Weymouth —— 6 
Senegal — — 10 30 Wells — 6 
__ | Weymouth Key 6 45 
ys . Wieringham — ——— 7 O 
Erveer within — 0 45 Winterton —— —— 8 o 
Tenet — 1 36 5 
Terveer cbt h˙⁰ẽj — — 1 30 15 
Tinmouth— — 3 0 * H. M, 
Tees Mouth =—— —— 3 o FOughall in Ireland 4 30 
Teneriff — 3 o Yarme — — — 6 45 
Torbay —— —— — 6 o©o Yarmouth Town — — 10 0 
Texel — 7 30 | Yarmouth Pier 10 © 
| Tergon — — —— 9 45 | Yarmouth Read —— 10 30 
U H. M. 85 
RECK — © © Z . M. 
vie —— 3 © Ealand Coat — — 1 30 
Uthant without — — 6 o ; Ziericke Sea — 3 © 
St. Vallery — — 10 30 


The Uſe of this Tide- Table is the ſame as in other 
Tide Tables; for when you deſire to know the Time 
of High-Water at any Place mentioned in the Table, 
you need but look in the Letter that the Name of the 
Place begins with, and there having found the Place 
you want, ſee what Hour and Minute ſtands againſt it, 
which being added to the Hour and Minute of the 


Moon's coming to South, the Sum (abating twelve 


Hours, if it exceeds) is the Time of High- Water at 
the Place propoſed that Day.- 
know what Time it will be High- Water at Harwich, 
October the 16th, 1764, I look in the Letter H, and 
find Harwich, and againſt it 11—o0, which added to 


the Moon's Southing that Day, the Sym is 19— 12, 


from which caſt away 12, the Remainder is the Time 
of High- Water : Of which fee more in the Explana- 
tion of the following Table of the Moon's Changing. 


The 


Example; 1 deſire to 


at. at. 


A Table of the Moon's Changing for 15 Years, 201 


| January { Febru. W. Arch June | 
D. 1U; BI . MH 
20 os 1 | 20 Im 16 42 
9 6a |8 4w] 9 3a 5 92 
28 83 |27 zm 28 4a 24 5a 
18 6m 16 8a] 17 8m 13 8m 
6 gm 5 zu 6 7a 3 im 
25 4m 23 11 ] 25 42 22 1m 
14 4m — 10 al 14 5 a 11 22A 
| 30m |2 im 2 52 29 gm 
21 11m [19 11a} 21 12 18 11m 
11 im | 9 noon| 10 10a 7 noon 
30 3m 28 2 29 mid. 26 6m 
19 6a |18 Em 18 4a by £2 
xm] 6-6 8 6m 4 om 
24 loa |25 4a 27 6m 23 om 
1 15 10a 114 6a] 16 noon! 13 im 
| July | Auguſt | Sep. | December | 
ID. H.-F D. HD. „b. . 
1757] 16 7m | 14 10213 12 | ur om. 
1758 5 om 3.111 2 32 30 2m | 
1759 24 4m | 22 4a [21 8m 19 2 a 
1760] 12 3a [ii im] g noon Th 
1761 1 121 28 11 a |28 10m 26 8m 
1762 ae $a 19 4a 17 mid 15 im 
1763] 10 mid. 9 „ 7 5a 4 92 
1764] 28 ga [27 7m|25 5 aſ2 22 11 A 
i765] 18 2m | 16 6] 15 4m 14 323 
. | | | 2 
17666 7 2m | 5 6a| 4 gm 4 31 45 
1767] 25 72 | 24 m 23 2m 21 4m 
1768] 14 2m [12 1a 11 3m 9 8m 
769% 332 A gp 29 198 28 3m 
1770] 22 4a | 20 fai 8m 17 3m 
1771] 12 gm 10 449 im 6 8m 
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The Uſe of the foregoing Table of the Moon's 


Changing is ſo eaſy, that it needs little Explanation ; 
for find the Year in the firſt Column on the Left-hand, 


and the Month at the Top, and in the common An- 


gle, you have the Day and Hour of the Moon's. 


Changing that Month. oo | 
Note; m. ſtands for Morning; a. for Afternoon. Ex- 


ample; I deſire to know the Moon's Changing in June, 
1760: Find 1760 in the Left-hand Column, and a- 
gainſt it under June, and find 13 8 m. that is, the 
Moon changes June 13 at 8 in the Morning; and where 


you find two Numbers againſt one Year, and under 


one Month, the Moon changes twice that Month ; as 


againſt 1 769, under Auguſt, you find f - 114. 7 chat 


2 IOM. 
is the Moon changes twice in Auguſt 1769, viz. the firſt 


Day at 11 in the Afternoon, and the thirty-firſt Day at 
10 in the Morning, and ſo in the reſt : From hence 


you may eaſily find the Moon's Age, and her Southing, 
and conſequently the Time of IHigh-Water at any 


Port mentioned in the Tide-Table. 


Example. I would know what Time it was High- 
Water at Harwich, March 20, 1763. I look for the 


New Moon next before, and I find it was March 14, 
and hence the Moon on March 20 is 6 Days old, which 


multiplied by 4, and the Product 24 divided by 5, the 


Quotient is 4, and the Remainder 4 for the Moon's 


Southing, or 4 Hours 48 Minutes after Noon, to 


which add 11 h. oo m. the Hours ſtanding againſt 
Hartwich in the Tide-Table, the Sum is 15 Hours 48 


Minutes, from which caſt 12, Remainder 3 Hours 48 
Minutes, is the Time of High-Water at Harwich re- 
quired. = 5 
Note; If the Moon be leſs than 15 Days old, look 
for her Age the Day before (or abate 1 from her Age 
the Day propoſed) and then work as before, becauſe 
when the Moon 1s above 15 Days old, ſhe comes to 


South. 
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South about 12 Hours after Noon, which may more 
properly be called next Morning, and conſequently if 
you abate 1 from her Age found when above 16 Days 


old, the Southing found from thence is properly her 


Southing for the Morning of the Day — Sc. 


* 


er YL 


H to keep a Reckoning. 


TAVING thus learned to find the Variation, and 
to work an Obſervation, and alſo to reckon your 


Tides with other Things neceſſary to be known, and 


having as Maſter, Mate, or Pilot of a Ship, taken your 


Charge for any Voyage, and having your 


Log-Line, Glaſſes, and other Things in Rea- Fig. 62. 
dineſs, you muſt provide a Log-Board ruled 


as you ſee in the Figute. 


Then having ſer Sail, and got from the Shore, and 
out of the Set of the Tide, obſerve how the Land bears 


from you that you intend to take your Departure from; 


and alſo as near as you can, compute the Diſtance you 
are from it, and then that Courſe and Diſtance pricked 


off upon your Chart, gives the true Place of your Ship 
when you begin your Reckoning. 


This done, having ſettled your Watches, and or- 
dered a Man to the Helm for two Hours, let him ob- 


ſerve carefully what Courſe he ſteers by the Compaſs, 
or if he be ordered to ſteer upon any given Courſe, 


let him take Care to mind it, and at the. End of two 


Hours let the Mate heave the Log, having one attend- 
ing him with the Half- Minute Glaſs, let the Mate over 


haul off all the Line, (having firſt caſt the Log with a 


few Fakes of Line into the Sea) till the Red Rag come 
to his Hand, and at that Inſtant cry Turn; the Man 
with the Glaſs, juſt upon that Word, as the Red Rag 


goes away, turning the Glaſs, and watching diligently : 
When the Half Minute Glaſs is ad out, the * 
olds 


98 Miles is the Diſtance run that Day. 
is N. EF. but becauſe. there is a Point Variation Weſt, 
the true Courſe is N. E. by N. therefore ſet down under 

the Log 
Then find in the Traverſe Table your Northing and 
Faſting, for that Courſe and Diſtance, and ſet it in the 
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holds the Glaſs, cries Stop; whereupon the Mate ſtops, 
and hauls in the Line, obſerving exactly how many 


Knots, half Knots, and Fathoms are gone out, and fets 


it down upon the Log-board, againſt the Hour _ Wh 


which the Log was heaved, and thus proceed every two 


Hours during all the 24 Hours, and then the Log- 


board will be full the next Day at Join. Then 
having a Log-book with every Page ruled, like the 


Log-board, with the Day of the Month at the Top, 


take off tne Log into your Book, and rub out the 
Chalks upon the Board, ſo is the Board ready for 


the next Day. I ſhall inſtance in a Voyage from a 


Place in Latitude 34: 8 North, to another Place in 


Latitude 57 : 50, from whence ſet fail Jury? a, at 
Noon, and running that Day as by the Log follow: ng. 


Note; Any 24 Hours Log, from Noon to Noon, is 


dated with the Day upon which it ends, and not upon 


the Day upon which it begins; then if we Set ſail Auguſt 


—5 O* Re 24 Hours Log muſt be called Auguſt the 
23th; Sc. 


"The Ship having 1 run every two Hows as you ſee in 


the Log on the other Side, add up all the Knots toge- 
ther, the Sum 47 being doubled (becauſe you heave 
the Log but every two Hours) is 94, to which add the 
4 half Knots, which in this Caſe are accounted as 4 


whole Knots, becauſe they are alſo doubled : The Sum 


-made gocd 98 Miles N. E. by N. 


blank Space on the Right-hand as you ſee done. 
The Northing 81 : 5 Miles or Minutes added to the 


Latitude failed from 54 Deg. 8 Min. the Sum is the 
Latitude come to 55d. 29m. (the 5 which is placed 
after the 81 being but a Decimal, or half a Mile, 


need not be regarded) which ſet allo down as vou 


e. 


For 


The Courſe 
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For the Difference of Longitude you may find it by 
the Traverſe Table, the Middle Latitude being 55, 
its Complement 35 being found, and under it in the 
Column of Departure, find the Departure, or Eaſtin 
54: 4 or the neareſt thereto; and againſt it in the 
Column ef Diſtance you have 95 Min. or 1d.—3 gm. 
for the Difference of Longitude made that Day all 
which ſet down as you fee. _ _ 


fur x F. "Cours Wind Aug: r 1765 


| |N.E.|Weſt| Variation 1 Point Weſt, | 
WR Northing — — 81.5 | 
V — 54.4 
—— —— Lat. come to — 55d. 29. | 
: | | Diff. Longitude — 1.35 Ely. | 


1 | 


aleleolf 
£25 Bp 


ols | 
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Ea | > Lu | & 
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| ; 
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FED - FR 5 


ꝙ—ß—— 
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| Made good 98 Miles North Eaſt by North, 


Now 
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Chap. VII. 
Now to find where your Ship is, in the firſt or laſt 


of the Charts before-mentioned, which are all made for 


this Voyage: And firſt, for the firſt particu- 
Fig. 54. lar Chart; ſet off 98 Miles from A, upon a 
N.W. by N. Line, it will reach to the Point 

a, the Place of the Ship required ; or take the Diffe- 
rence of Latitude made that Day 81: 5 in one Pair of 
Compaſſes ; and the Departure or Eaſting 54 : 4 in 


another Pair of Compaſſes ; - then with one Foot of 
each Pair of Compaſſes in A, run that in which you 


have the Difference of Latitude, along the Eaſt and 


Weſt Line AC, and that Pair in which you have the 


Departure along the North and South Line AB, the 
moveable Points will fall in @ as before. 


To find where the Ship is in the Mercator's Chart, 


take the Latitude in one Pair of Compaſſes thus ; 
ſet one Foot upon the Line à 4, in the La- 


Fig. 5 5. titude 55 : 29, which is the Point 4, and 


extend the other to any Parallel, as ſuppoſe 


the Line 5 5, 55 3 then after the ſame Manner take the 
Longitude in your Compaſſes, running them Paral- 
le] to any North and South Line, the meeting of their 
moveable Points, viz. at x, is the Place of the Ship 


required. — Note; The Place of the Ship 


Fig. 56, at x, in the third Chart is found by either of 
firſt, 


the two Methods by which it is found in the 


a 


Hw to | keep Account 1 a Ship $ Way upon a 


Wind. 


Ship is raid to ſail upon a Wind. when her Tacks 
are aboard, and her Yards ſharp braced, and is 
commonly ſuppoſed to be within ſix Points of the 


Wind with Lee- way, according to the Sail ſhe car- 
ries, Cc. 


All 


— 


| i 
1 
* 


— 
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All Sails ſet—1 Point Try under Mainſail 
A Topſail in 2 only 


— — 


Both Topfails in and ,, . Under Mizen only 6 
i Sos = — 2 33 12 « Hl, all Salk 

Try under Mainſail \ furled — 7 
and Mizen 4 


According to theſe Allowances of Lee- -way, I ſhall 
work the following Examples; nevertheleſs, in Prac- 
tiſe Lee-way muſt be allowed according to Judgment. 
for ſome Ships make more E than others, with 


the ſame Sails ſet, Sc. 


This Example, Auguſt 26, hath two Courſes, which 
muſt be reduced to one by the Rules for working a 
Traverſe by the Traverſe Table. — The firſt Courſe 


is N. E. by the Compaſs, but by the Variation allowed, 


w7Zz, one Point Weſt, it is N. E. by N. but the Wind 
being N. N. W. viz. within ſix Points of the Courſe, 
we muſt allow one Point Lee-way from the Wind, 


which brings it again to N. | 


For the Diſtance, add up the firſt fix Nember of 


| Knots, during which Time ſhe lay upon that Courſe, 


the Sum 21 doubled. and the two half Knots added, 


makes in all 44 Miles N. E. for the firſt Courſe. 


The ſ-cond Diſtance by the ſame Rule, is 39 Miles, 
the Courſe by the Compais N.W. but a Point Varia- 
tion Weſt makes it N. W. by W. and a Point Lee-way, 
which 1s alſo Weſterly, ok the Courle made good 


to be W. N. W. the Diſtance 39 Miles. 


; Courſe Diſt. | North South] Eaſt|Wefl{ By Tra- 
E 


N. E. 44 31— 


: 431 1 ing as per- 
WV. N. W. 39 | 14—9 336 0 formed by 
TFL 
| 46 0 331 1] youfindthe 
| . Northing 


4 46. o. and 


| + , 
— n FA 
, | t the 
(oy 
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the M eſting 4.9 and by Caſe the ſixth of Plane Sail- 


ing, h- traverſe Table, the Diſtance made good 


is 4G % ie North and Courle 6 Degrees Weſt; all 


which te: Jaw as in the firſt Day's Work: then add 


thi: Day's Northing to the Northing got before, the 


Sum 127.5 is the Total Nc. thing. Alto ſubtract this 


Weſting 4.9 from the Eaſting got before, the Remain- 


der 49.5 1s the Total Eaſting, both which ſet down as 
you ſee ; alſo by adding 46 Minutes to the laſt Day's 


Latitude, the Sum 56.1 Is is the Latitude come to. 


1 he Difference of Longitude is 9 Min. which be- 


cauſe it is Weſt, it is to be ſubtracted from the Longi- 


rude the Day before, and the Remainder 1d. 26m. is 


the Longitude come to. 


Now to find where the Ship is, upon the firſt and 


laſt Charts, take the Total Northing in one Pair of 


Compaſſes, and the Total Eaſting i in another 
Fig. 54. Pair, and proceed as before from A, the 
Place ſailed from, it ſhall produce the Point 


e, for the Place arrived at: Alſo in the ſecond, which 
1s a Mercalor's Chart, find the Longitude and Latitude 


come to by the Method preſcribed in the 


Fig. 55. firſt Day's Work, and their Meeting or In- 


terſection is at the Point e, the Place of the 


Ship required. 


Note; In the firſt and laſt Charts you may ſet off one 
Courſe and Diſtance by another, as in Traverſe Sailing 


Geometrical; but I ſhall not inſert that Way, leſt it 


: too much confuſe the Draught. 


How 


K : 8 2» by — ** 
n „„ oe. itt * ok ” 
R= SL USERS £3 * 
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H X K F. Courle Winds ET 5 | Auguft 20, 1703. i 
2 3 | NE. NNW| Variation 1 Point Weſt 
[—|—|—'--| — — Northing — 45.7 
4 3 1 EE | Weſting — 9 
r — Total Northing — 127.5 
6 4 | | | Total Eaſting—— 49.5 
— — —— Latitude come to —— = 15 
— — — Lang. come to | a 1.26 
„ . „ 
5 hy 4 | | 
| 21 3] % N. w. NE. 
1 3\ 1 -” Ku | 
ego f | 
LED E 
10 1 „ 5 
75 1 — | ! 
L.A ; 5 5 3 N 


„ 


Made good 40 Mites North 6 Degrees weben. 


_ 


6 1 


How to correct a 3 by an Obſervation. 


IN the following Day's Work, Auguſt 27, there is 
made good 116 Miles; the Comte with Variation 
allow'd, is N. E. by N. and the reſt as you ſee found by 


the foregoing 


Mgrthod. 


It is needleſs to give any more Examples of allowing 
Lee-way or Variation, the Rule being the ſame when 
Lee-way is bs 5, 6, or 7 Points, as when it is but one 

” 


"ſs 


25 — —— aw—— — 
— — —— — — —ö = — 


—— — — 2 — 
. —— — — — 
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Point, only minding to allow as much as it is, and the 
right Way. Thus if a Ship he North with Wind at 
E.N.E. and 6 Points Lee-way, ſhe makes her "my 
good at W. NW. So. 

My Reckoning at Noon, Auguſt 27, brings me into 
Latitude 57, 51; but by Obſervation which I muſt 
prefer before the Dead Reckoning, I find J am in La- 
titude 57, 345 now to correct the Reckoning by an 
Obſervation, obſerve this General Rule. 


If your Dif- ¶ more ) than the Depart. the Log or Dift. 
ference of Fault is more like- 
Latitude be ( leis ) Iy to be in the Co. or Courſe 


The Reaſon of the General Rule above, is evident 
H. 63. - the Figure; for ſuppoſe a Ship at A fail 
outh Eaſterly, till by her reckoning ſhe is at 
C, or in the Parallel of Latitude B C, but by Obſerva- 
tion ſhe is in the Parallel of Latitude DEF: Now if we 
will ſuppoie her computed diſtance A C to be right, 
 tveep an Arch with A C till it cut the Parallel DF in 
F, and make A F equal to AC: Now by this Means 
the Line AF is the Line deſcribed by the Ship's Mo- 
tion, whereas we thought it had been the Line AC; 
but it is obſurd to think that any Man ſhould be fo far 5 
miſtaken in his Courſe as to ſteer from A to F, when 
be thought he had been ſteering from A to C; and 


therefore we muſt impute the Fault to the Diſtance, 


f 2 2; 


— 
- - —. 


— N 
22 — 


— — — 
3 — — 


ſuppoſing that the Miſtake lies there, and that when he 
thought he had ſteered from A to C, his Reckoning was 
2 head of the Ship, and that when he ſhould have been 
at C he was only at E, the Space EC being but a to- 
lerable Miſtake in the whole Diſtance AC. 
But in a more Eaſterly (or Weſterly Courſe) ſuppoſe 
a Ship fails from A till her Courſe and Diſtance by 
Dead Reckoaing is repreſented by the Line A I, and 
| the Latitude come to, by the Parallel GI, but by Ob- 
ſervation ſhe is in the Parallel of Latitude HH 1. K: 
Now if he was ſuppoſed to keep a right Account of his 
Courſe 


> * 6 q 3 K 5 5 " D — * 2 
* — 3 a f 2 * r AS — et, Jo >. 
: WOE EIS r 4 4 wt a 9 r 8 Ms "7" — 


_ 


Tot. Eaſt. correct. _m_ 


42 — | Tot. North. Cor. — 206.9 | 
[21 || | | Long. come to cor. — 3.8 
_ ADE Kerns Was 
1 e 

80 5 
La 4\ 1 _ J 
1 e nn ; | 
V 
Made good 116 Miles North Eaſt by North. 
| he "OE 


Courſe and the Fault to be in the Diſtance, we muſt 


continue the Line A I till it cut the Parallel HK, and 


allow him to be miſtaken the whole Diſtance I K, in his 
Account which is abſurd, and therefore muſt impute 
the Miſtake to the Courſe; and then with one foot of 


the Compaſſes in A, with the Extent A I deſcribe the 


Arch I L, and draw the Diſtance A L equal to AI, 

and ſuppoſe that when he thought he had failed along 

the Line A I, he had indeed failed along the Line 

A L, the Angle IAL bong a much more tolerable 
5 3 l 


Fault 
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- Lat. by Obſer. 57-34 | 


H. K. E K — AAk. 27, 1763. | 

| 2] 2] x] N. E. Weſt Variation 1 Point Weſt. | 

| -|—|—-|-|{—j-— Northing 8 — 96.4 
414 5 Eaſting | 64.4 „ 

|—|- |—|—|-— — Total Northing — 223.9 

| 6| 4 Total Eaſting —— 113.9 
3 — — Lat. come to — 57.51 

18 1 Diff. Long. Eaſt — 1.58 1 

—|—|—]-|—] —|] Long come to —— 3.24 | 
10 1 * 
1202 


* 


| 
| 
| 
| 
| 
| 


3 — — 
— * 


08 
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Fault in the Courſe, than the Diſtance IK could be ſup- 
poſed to be in the Diſtance. 

Note; If vou fail in a Current vou may eaſily be 
groſſy miſtaken, either in Courſe or Piſtance; but of 


that ſce more in the latter End of this Book. 


Now in this Example the obſerved Latitude, Aug. 
27, differs from the Dead Reckoning Latitude by the 

uantity of 47 Mics or Minutes, and becauſe the To- 
tal Noithing is more than the Total Eaſting, I impute 
the Fault to the Diſtance by the Log, and then it is cor- 
rected by this Proportion. 

As the Total Northing 223.9, to the Total Faſting 


11293 ſo the Error in the Northing 17, to the Error 
in the Eaſting 8.7 neareſt, | 


113.9 1 or 8.7 Miles neareſt, to 
17 23.9)11036.3/3;£43 be ſubtracted from the 
— 1451 Total Eaſting 113.9 the 
797.3 Remainder 105.2 is the 
1139 - -- Total Eaſting corrected, 
1936.3 


The Reaſon of this Proportion i 1s evident from the 


Diagram; for in the Triangle A BC, as the Total 


Northing by reckoning A B, is to the Total Eaſting 
by reckoning BC; ſo is the Error in the Northing 
E 9, to the Error in the Eafting 9 C; for the Sides of 


the Triangle A BC, and Eg o are Proportional ; by 


Fucl. Lib. 6. Prob. 4. 
Then correct the Longitude As the proper Diffe- 
rence between the Latte by Reckoning, and the 


_ Latitude by Obſervaticn, 1s to the Meridional Diffe- 
:ence between the ſame two Latitndes; ſo is the Er- 


wi in Departure, to the Error in Longitude, that is, 
as 7, is to 32; fois 8,7, to the F rer in Longitude. 


32 


A 
N 
Ng 
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32 17) 278016 Minutes, (rejecting the Frac- 

. 7 108 tion, being but the Fraction 
— 6 of a Minute) to be ſubtracted 
r from the Longit ude by Dead 
256 Reckoning, the Remainder 3.8 
— is the true Longitude Correct 
„„ by Obſervation. 


1 


But in Caſe your Courſe be far Eaſterly or Weſterly, 
and the obſerved Latitude differs from that found by 
the Dead Reckoning, it is beſt to correct only the La- 
tiude, reducing 1t to the obſerved Latitude, and not 
to meddle at all with the Departure or Difference of 
Longitude, becauſe the Error is too ſmall; as in the 
foregoing Figure the true Departure H L differs ſo 


little from the Departure found by Dead Reckoning 
Gl, that it is not worth while to correct it, unleſs you 


b, ſome certain Obſervation of Lon gitude to correct 
„ l | „ 


When you have thus corrected your Latitude, De- 


parture, and Difference of Longitude for this Day at 


Noon, as here Aug. 27, then proceed to the next Day's 


Work, add the next Day's Northing to the Northing 


corrected this Day, to find the Northing next Day, and 


not to the Northing found by Dead-Reckoning; and 
do the ſame alſo with the Departure and Difference of 


Longitude, not regarding that found by the Reckon- 


ing; and ſo proceed as before; and when you get 
another Obſervation to correct your reckoning by, add 
up only the Northing and Eaſting made good ſince the 
laſt Obſervation, and not of the whole Voyage, and ſo 
correct again according to this Example. 

Now for ſetting off that Day's Work, Aug. 27, upon. 


each Chart, that Method is to be uſed which was before 


directed to, and the Point Z in each Chart, ſhall repre- 
ſent the Place of che Ship, Aug. 27, at Noon. 
Now if you defire to know the Courſe and Diſtance 
from the Ship to the Place propoſed, it may be done 
3 e 


The Port bound for is in 


To Radius 
So Diff. of Longitude —— — 322 —— 2.50785 


To Tang. of the Courſe 
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eaſily and exactly upon the two laſt Charts, and chiefly 
upon the laſt of all the three; for in it 

Fig. 54 & 55. you need but ſet one Foot of the Com- 
paſſes in the Point Z, where the Ship is, 

and the other Foot in the Point B, the Place bound for ; 
that Extent applied to the graduated Line 


Fig. 56. BD, accounting every Degree 60 Miles, and 


every ſmall Diviſion 10 Miles, gives the true 
Diſtance required 173 Miles. 
In the ſecond Chart, which is according to Mr. 


Wright's Projection, commonly called Mercator*s, if you 
| uſe the Method which you have there preſeribed, for 
5 finding the Diſtance of any two Places upon a Merca- 


zor's Chart Geometrically, you will find it exactiy * 
greeing with the former, viz. 173 Miles. 


For finding the Courſe, the Method is the ſame in 


both ; for the Rumbs are right Lines, equally divided, 
or at equal Diſtances in both Charts; therefore if your 
Charts have the Rumbs upon them, obſerve to which 


Rumb a Line drawn from the Ship to the Port would 


be parallel, for that is the Courſe required; but if you 
would ſtill be more exact, you may find the true Courſe 
and diſtance from the Ship te the Port, by Caſe the 


Sixth of Mercator's Sailin 5 Av eee thus, (hav- 


ing both Latitudes and ongitude given) 
L Long. 

The Ship when correct by Obſervation is in 57.34 3 8 

— — £57.50 8 30 

Proper Diff. Lat. 16 Merid. Diff. Lat. 30 

Diff. Long. 5.22 or 322. 

As Merid. Diff. of Latitude — 30 —— 1.47712 


OO eee ee NP 


$84.41 — 11 3073 
Then for the Diſtancer. 
As Sine Comp. of Courſe — 5.19 — 8.96876 


To proper Diff. of Latitude — 16 — 1.20412 
— — — 10. oo 


So is Radius 


To the Diſtance — = — — 172 — 2.23856 
The 


Sect. VI. By an Obſervation. 215 


The Courſe is North 84.41 Eaſt, and the Diſtance 172 
Miles. 

But here we may ſee the intolerable Error of the 
Plane Chart, the Ship being at 2, and the Port bound 
jor at the Point O, the Extent between them bein 
applied to the graduated Line 54, 54, and allowing 60 
Miles to each Degree, gives a Diſtance vaſtly too great 
from the Ship at z to the Port ©, a moſt inſufferable 


_ Error. 


I know it is objected by ſome, that notwithſtanding 
what can be ſaid againſt the Plane Chart, it is ſtill the 


moſt uſeful and frequent among us, witneſs a great 


Part of the Charts and Waggoners that are now ex- 
tant both in Dutch and Engliſh, and if the Plane Chart 
was ſo groſly falſe in ſo ſhort a Voyage as between the 
two Places before propoſed, it would ſeem that thoſe 
Plane Charts and Waggoners ſhould not be ſo much 


_ encouraged, or being ujed would not anſwer their End 
generally ſo well as they do. 


[ anſwer, I take it for granted that thoſe Charts are 


not grounded upon that Projection, that the Degrees 


of 1 .ongitude and Latitude are every where equal, as 
thoſe commonly and properly called Plane Charts are, 


(for we find no ſuch thing as Degrees of Longitude = 
upon them) but they are projected on the ſame Ground 


that my Third Chart, before inſerted, 1s grounded up- 
on, viz. The true Courſe and Diſtance from Place to 
Place is found, either by the Latitude and Longitude 


according to Ware Sailing, as I have directed in 


the Projection of that Chart, or elſe the Courſe and 
Diſtance from Place to Place is found by Experience; 


thoſe that have failed there obſerving —— what 
Courſe (with all proper Allowance for Variation, Cc.) 


and alſo what Diſtance carried them from one Place 
to another; and thus comparing their Obſervations of 
that Kind with®*the Obſervations of others, and cor- 
recting their Obſervations by their obſerved Latitude, 
Sc. And thus one obſerving in one Place of the 

„ World, 


- " * nA” _ 
. 
* 2 , — 


—— 


to Miſtakes formerly committed, the Places the 
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World, and another in another, and theſe Obſervations 


being compared, and the moſt agreeable choſen out and 
collected, may probably have given riſe to our large 
Waggoners now extant, which, though in Form of Plane 

Charts, yet in that Caſe muſt needs be true, and to be 
depended upon: For although the World is Globular, 
and not Plane. yet it is evident, that what is once the 


Courſe and Diſtance between any two Places, ſhall al- 
ways be the Courſe and Diſtance between them. As 


for Example, Suppoſe, after all Allowance given for 
Variation, Lee-way, Currents, Sc. I find that a N.E. 


by E. Courſe 240 Miles, or 80 Leagues, carries me 


from Buchaneſs to ſome known Place on the Coaſt of 
Norway ; it is certain the ſame Courſe and Diſtance 
made good ſhall always be the ſame; and therefore if 
that Courſe and Diſtance was laid down upon an 

Chart between theſe two Places, I might ſafely depend 


upon that Chart for my next going there. 


Indeed it may be objefted, who can tell how to al- 
low ſo exactly for Variation and Lee-way, but eſpe- 


cially for unknown Currents, as to depend upon their 


*, . 5 
T anſwer, 1 agree to that; bur yet when two, three, 


reckoning for the true Courſe and Diſtance from Place 


or more Ships ſail upon the ſame Voyage, and find their 


Accounts nearly to agree, this may make them ſome- 
what more confident of their Reckoning, and of the 
Truth of it; and this I take to be a Reaſon of the 


Improvements that are yet daily made in Charts and 
Waggoners ; theſe Charts and Tables of Latitude and 
Longitude which are of a later Date, having doubtleſs 


attained nearer the Trurh by a greater Confluence of 


Obſervations, and thereby differing more or leſs from 
theſe of more antient Date, both in Latitude, but 
chiefly in Longitude of Places; which Differenee we 


muſt impute to our attaining nearer to the Truth, and 
mſelves 
remain 
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remain fixed and immoveable, as to their Situation up- 
on the Surface of the Earth. 
From what hath been ſaid it will follow, that it is 
not neceſſary to diſſuade any Mariner from the Uſe of 
thoſe Charts and Waggoners now in Print, but it is ra- 
ther an Encouragement to uſe them, and truſt to them 
as very good Helps ; but let not this be an Inducement 
to Perſons that have had plentiful Experience of the 


Truth and Sufficiency of thoſe Charts and Waggoners, 
preſently to decline the Uſe of them, and fall to Work 
to make Charts of their own, and truſt to them, if 
they have no other Way for it but that Hypotheſis of 


ſuppoſing the Degrees of Latitude and Longitude to 
be every where equal (which I have ſufficiently proved 
is not the Ground of the Projection of thoſe true Sea 
Charts now in Uſe) the abſurd and intolerable Falſhood 
of which Hypotheſis aforeſaid, I have ſufficiently prov- 
ed and dementiell. 8 
Note, Whereas. in the Examples before going, in 


the three Days Work of keeping a Reckoning, I did 


for the more Expedition find my Difference of Longi - 
tude by the Traverſe Table, by the Rule there deliver- 
ed for that Purpoſe; but yet if your Voyage be long, 
or near the Pole, where the Degrees of Longitude 
grow much leſs, you may, if you diſtruſt the Truth 


of this Method, examine your Longitude once in three 


or four Days, by this Propoſition following. 
The Ship having failed from Latitude 54.8, to La- 
titude 57.34, the proper Difference of Latitude is 


206, and the Meridional Difference of Latitude is 


368, and Departure made good is 103.2. 

. N 15 . 
Therefore As proper Diff. of Lat. — 206 — 9.68614 
To Merid. Diff. of Lat. — 368 — 2.56584 
So Departure ——— 105 2 —— 2.02201 


To Diff. of Longitude — 188 —= 2.27399 


Difference 


— TO — 


Por Difference of Latitude. | For the Departure. 


laſt Figures of the given | 
| Number. TT 
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Difference of Longitude 188 Min. or 3 Deg. 8 Min. 


the Longitude come to, being the very ſame as was 


found by the Traverſe Table, although that is found 
at three Operations. 


And now, ſeeing I have in the former Part of this 
Book laid down Methods for the Working of the ſeveral 
Caſes and Queſtions in Navigation, and keeping a 


Reckoning both in Longitude and Latitude, not only 


by given Numbers, which J have called Arithmetica! 


Navigation, but alſo without any Books, Tables, or In- 


ſtruments, by a New Method never yet known or pu- 


liſhed ; I ſhall inſtance in the firſt Day's Work in both 
Ways of Operation, it being too tedious to inſtance in 


all the three Day's Works, eſpecially ſeeing there are 


ſufficient Examples given of each Method elſewhere ; 


and firſt by the given Numbers in Arithmetical Navi- 


= 

8 The Courſe that Day is N. E. by N. 98 Miles. 

The given Number for Diff. Lat. is — —— 8315 
three Paints to find Departure is —— —— 5556 


98 „ 


. | — |} 54.39, or ra- 
294 490 | ther 54.4. 
7384 | 490 | 5 
81134 Diff. of Lat. 81.3. 
It ſhould be 81.5. but the | 541390 | 5 
Error is only 4, and is . — 
caſioned by omitting the two | | 
L - 


Difference of Latitude $1.3, or *1 Deg. 21 Min. 


hence the Latitude come to is 55 Deg. 29 Min. 1 
= . | 


98 [The Depar- 
355 | ture or Faſt 


——— _ ” - 


- . Ears Rye Rt 


„ 4 = 


. — * > 1 — * * — = _ 


* 
9 
1 
* » 
* 

* 


I ſhall only uſe the firſt two Figures 57. 
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For the Difference of Longitude, the Middle Lati- 
tude is 45. 48, but the next greater whole Degree is 35, 
whoſe given Number in the ſecond I able is 5735, but 


The Diff. of 
Departure with Cyphers Lon. 95m. 


Given Number or Diriſor 67054495 or 1d. 35m. 


310 theRemain- 

— der being 

25 buta Frac- 

tionof aMi- 

nute, we e 

. 

The ſame Day's Work caſt up by a New Method. 
The Courſe 33.45 or 332, the Diftance 98 Miles. 
For the Natural Radius for 334 Deg. by Method 
the Second, they that can work by croſs Multiplica- 
tion need not reduce the Fraction to a Decimal, but 


| ſquare it as follows; 


337 As 60. to 98 : 333 to Departure 
334 Es z 
; Fr 
32 by 33 is—108g = 2943 8 
2 of 3318 — 243 7 60.7) 330. (54. 4 
The ſame again 244 3 — . 


1 | . 30 292.0 
3 of 4 we reject. 3307 2 


11382 | For Diff. of Lat. by Rule the Third 
| 3 Sum of the Sides 152.4 
. | Diff. of the Sides 443.6 
3.4155 9144 
57. 4572 
"od | 855 
Nat. Rad. 60.7 Prodult — 6644.63(81 5 Square Root 
8 "Re the Pro- 
9 — 5 — duct and Dif- 
8 S 1600200 ference of La- 
| 161 titude requir- 
| (63). 


For 


- . — = mY _— — — 5 8 
o rere 1 : 
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For Difference of Longitude, the Complement of 


Middle Latitude is 35, its Natural Radius is 61: 


Therefore as 35, is to 54-4; ſo is on, to the Diffe- 
rence of Longitude. 


54-4 

61 350 32809455 or 95 Minutes, or 1 Degree 

| 168 25 Minutes, the Difference 
54.4(ꝛã⁊łjX„„—— of Longitude required. 

3264 28 


3318.4 


And thus you ſee the Excellency and Uſefulneſs of 


this New Method, by which, although by Streſs of 


Weather or Cruelty of Enemies, you had loſt all Charts, 
Books, Tables, and Inſtruments, yet you may without 


any of them keep as juſt an Account of your Ship's 


Way, both in Longitude and Latitude, as you can 
with them; as this and other Examples inſerted elſe- 
where 1 in this Book make manifeſt. 
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CHAP. vm. 


SECTION I. 


How fo make an Orthographie Projection of the | 


| Sphere, commonly called the Analemma ; ; Whereby, 
moſt of the neceſſary Queſtions in Aſtronomy may be 
reſolved without Trigonometrical Calculation, only 
P the Help of Scale and Compaſſes. 


LTHOUGHA I have inſerted all the Adrone- 
mical Tables, ready calculated, that are of Uſe 
in the Practice of Navigation, and have alſo laid down 


a Method for finding the Variation of the Compaſs, 
without Azimuth or Amplitude, Sc. yet for the Sake of 


ſuch 
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ſuch as delight in Aſtronomical Operations, I ſhall 
ſhew the Learner how to ſolve all neceſſary Aſtro- 
nomical Queſtions by the Analemma, or Orthographic 
Projection upon the Plane of the Meridian; and in 
this Manner of Projection, the Eye is ſuppoſed to be 
perpendicular to that great Circle upon whoſe Plane 
the Projection is made, and at an infinite Diſtance 
from the ſaid Circle; fo that any Line let fall from the 
Eye upon any Place within the ſaid Circle, ſhall be per- 
pendicular to the ſaid Plane, and then will the Primi- 
tive Circle (or Meridian of the Place, when the Pro- 
jection is upon the Plane of the Meridian) be a perfect 
Circle, All right Circles that divide the Projection in- 
to two equal Parts are ſtrait Lines, or Diameters of the 
Primitive Circle; and all Oblique Circles that divide 
the Primitive into two equal Parts, and yet touch it 
at oppoſite Points are Semi- Ellipſes, or Half Ovals; 
and all Parallels, or leſſer Circles are right Lines, cut- 
ting the Primitive into two unequal Parts; and Parts of 
Lines that ſerve for the Solution of any Aſtronomical 
Queſtions, are Parts of ſome of thoſe Circles, or ſuppoſ- 
ed to be ſo, and are meaſured or projected according to 
the following Directions. - — 
The Primitive Circle (being drawn with the Chord 
of 60 Degrees of any Radius large or ſmall) any Parts 
of it are meaſured upon the Chords of the fame Ra- 
dius. Any Part of a Right Circle is meaſured upon 
the Sines. Any Part of an Oblique Circle, or Elipſis 
(hen required to be meaſured, which is but ſeldom) 
may be meaſured on the Chords, being firſt reduced to 
the Primitive Circle thus; draw two Lines through the 
two Points in the Oblique Circle, the Diſtance between 
which is to be meaſured, and let the ſaid two Lines be 
drawn parallel to that Right Circle which cuts the ſaid. 
Oblique Circle av Right Angles, and mark where theſe 
two Parallels cut the Primitive Circle, and the Diſtance 
between theſe twa Marks meaſured on the Chords, 2 


— 
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the Meaſure of that Part of the Oblique Circle re- 
quired, | Y 
Note; There is no Way to project theſe ſemi-Ellip- 
ſes, or Oblique Circles, but by finding a great Number 
of Points through which they are to paſs, and ſo by a 
ſteady Hand or Help of a Bow, draw it through the 


fſiaid Points; but the Operation being tedious, and of 


little Uſe, as it is ſeldom put in Practice: Nevertheleſs 


1 ſhall hereafter ſhew how they are to be done, as alſo 


all the reſt, as in the following Example. 


An Orthographic Projection of the Sphere upon the | 


Plane of the Meridian. For | 
Latitude of London —— 51d. ——— 32m. N 
Sun's Declination North — 22d. — i Es 
| Firſ, With the Chord of 60, draw the Circle 

P ES Q, to repreſent the Meridian; then 


Hg. 64. draw the Diameter H O to repreſent the 


Horizon, and at Right Angles to it draw the 


Line ZN, to repreſent the Prime Vertical; then ſet off 
the Latitud 31 32 (taken off the Chords) from O to P, 


and from H to 8, and draw the Line PRS to repreſent 
the Axis of the World, P the North Pole, and S the 


South Pole: Then at Right Angles with the Line P 8, 
draw the Line ERQ to repreſent the Equator: Then ſet 


the Chord of the given Dec:ination 22.30 from E to D, 
and from Q to C, and draw the Line D C the Parallel 
of the Sun's Declination: Set off the Chord of 23.29, 
the Sun's greateſt Declination from E to T and from 
Q to K, and draw the Line I RK to repreſent the 


Ecliptic: ſet off alſo the Chord of 23.29 from P tog 
and g, and draw the Line q g, to repreſent the Artic 


Circle, and the ſame from S tor and v, and draw the 


L. ine r v to repreſent the Antartic Circle: Then from 


P, through the Point © draw the Meridian Ph 0B; 
thus, here is given in this Meridian, the Point P and the 
es Point 


: 
. g 
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Point ©; then to find the Point B, another Point 
through which this Meridian 1s to paſs, divide the Line 
E R after the ſame Proportion that the Line DF is 


divided, at the Point O, that is as F D, is to Fo; ſo 


is R E, to RB, and make the Mark B, then by the 
ſame Means find the Point h in the Line qg: Then 
through the Points Ph © B with a Bow: Curving or 
Bending gradually, draW the pricked Curving Line 
P ho B to repreſent a Part of another Meridian : All 


which being finiſhed you may proceed to anſwer the 
following Problems. 


1. To o find the Sun's Longitude or Dibance from the next 


Eq uinoctial Point. 


The Sun's Longitude, or Diſtance from the next 
Equinoctial Point, is an Arch of the Ecliptic, contained 


between the Center R (or Interſection of the Ecliptic 
and Equator) and the Point ©, the Interſection of the 


Ecliptic and Parallel of Declination) ſo here R © mea- 
ſured on. .the,Sines, is the Sun's Diſtance from the next 


Equigottial Point. 


7 07 the Sun's Right Ale on. 


elt is an Arch of the Equator, contained between the 
Egquinoctial Point R, and the Point where the Meridian 
drawn through © cuts the Equator, as in B, ſo RB 


meaſured on the Sines, gives the Right Aſcenſion 
required. 


Note; If it be thought too much Trouble to draw 


theſe Meridians, all thoſe Problems, which can be done 


by the Help of the Meridians, may be done without 
them, if you reduce the leſſer Circles to the common 
Radius; therefore F © is the Sine of the Sun's Right 


Aſcenſion to a leſſer Radius F D ; which may be re- 


duced to the confmon Radius thus: Suppoſe I would 


find the Sun's Right Aſcenſion, ſet FD from Rrod, 


upon the Line RH, then with the ExtentF ©, and 
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one Foot in d, deſcribe the Arche; a Ruler laid from 
R, by the Extremity of that Arch will cut the Primi- 
tive Circle in o; then Ho meaſured on the Chords is 
equal to F ©, the Sun's Right Aſcenſion required. 


Note; When any Arch of a leſſer Circle is to be 
meaſured, it muſt be firſt reduced to the common Ra- 
dius, and meaſured as before. | 


3. To find the Hour of the tis. 


The Hour from Six o'Clock is an Arch of the .. 

rallel of Declination, contained between the Line PS 
and the Point O, which reduced to the common Ra- 
dius, and meaſured as in Problem the ſecond gives the 
Degrees of a great Circle, which allowing 15 Degrees 


for an Hour, and one Degree to 4 Minutes of . 
gives the Hour from 6. 


4. To find the Time of the Sun KRiſing and Setting. 


The Arch F y reduced to the common Radius by 
Prob. II. and the Degrees reduced to the * ime by 
Prob. III. gives the Hour that che Sun riſes fore 6, 
Or ſets after 6. | 
Note; If the Sun had 22d zom. South Decknation, 
it muſt have been repreſented by the Parallel F n, and 
then the Arch hi reduced as before, would have given 


the Time of the Sun's riſing after, or in before 6 
o' Clock. 


9. To find the Length of the Day or N EY 


That Part of the Parallel of Declination which is 
above the Horizon, reduced as in Prob. II. and III. 


and doubled gives the Length of the Day, and twice 


that Part which is below the Horizon gives the 
Length of the Night: Thus Dy gives the Length 
of the Day, and y c the Length of the Night when the 
Sun hath 22d 3om. North Declination, and F þ gives 
the Length of the Day, and h m the Length of the 
Night in the ſame South Declination. 


6. To 


r — 4 , 
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6. To find the Sun's Amplitude. 
The Sun's Amplitude is an Arch of the Horizon 


contained between the Eaſt or Weſt Point, and the 


Point where the Sun riſes or ſets: Thus R y is the 
Amplitude in North, or R in South Declination, 
which becauſe it is an Arch of a great Circle is mea- 


ſured on the Sines. 


Note; The Amplitude i is always of the fame De- 
nomination with the Declination, Wh cher North or 


South. 


7. find what Hour the Sun will be due Eaſt or Weſt. 
The Sun is Eaſt or Weſt when in the Line ZN, and 


it is 6 o'Clock when the Sun is in the Line PS, there- 


fore the Arch XF, reduced by Prob. II. and III, gives 


the Hour after 6 in the Morning, when the Sun is 
due Eaſt, or before 6 1 in the * when it is due 


Welt. 


g. To find the Suns Altitude whey Ee of 2 . 
The Arch R X meaſured on the Sines, gives the 


Bun's Altitude when Eaſt or Weſt 


9. To find the Sun's Altitude at 6 Clock. 


The Arch FW equal to R a, meaſured on the Sines, 
gives the Sun's Altitude at 6. 


10. 7 o find the Sur's Seimei at 6. 


The Arch @ F, reduced by Prob. II. gives the A. 
muth at 6 required, accounting the Azimuth from 


the Eaſt or Weſt; but if from the North, the Arch 


F n, reduced as befor e, anſwers the Problem. 


11. Te find the Nun s Azimuth at any given Hoar , As ſup- 
poſe 5 in the Morning, or 7 at Night. 


T have thought fit to inſert this Problem, not only for 
its Uſefulneſs, but becauſe it is performed by another 


8 Mechod 
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Method of reducing a leſſer Circle to the common 


Radius, which is the Inverſe of that Way of reducing, 


mentioned in Prob. II. As for Example, Becauſe 5 in 
the Morning is one Hour before 6, and every Hour of 
Time is equal to 15 Degrees of a greater (or leſſer) 
Circle; therefore {et off 15 Degrees from F towards y, 
which is done thus. | 
Set of F C from R tod upon the Line RH; ſet off 
15 of the Chords from A to yg, and draw the prigked 
LineR g; the neareſt Diſtance from the Point 4 to 


that I. ine, ſet from F to I, is 15 Degrees, or an Hour 
of Time in that leſſer Circle, and the Point / is the 


Place of the Sun at 5 in the Morning, and the Arch 


reduced to the common Radius by Prob. II. gives 
the Sun's Azimuth from the Eaſt Northwards at 5 in 
the Morning, or from the Weſt Northwards at 7 in the 


Erening; and by this Method you may ſet off any 


Number of Degrees upon any Parallel or leſſer Circle, 
| a Thing of great Uſe in Orthographic Projection. 


f n - f * - r „ 


# ew K + — ñ—UE— ò — — ms 


1 9E Er. Il n 
O/ the Stereograpbic Projection of the Sphere, upon 
. the Plane of the Meridian. 


88 Prejection of the Sphere (as well as 
A 


Orthographic) is a Branch of Perſpective, and 
ſmncweth how to deſcribe, or transfer the 

Fig. C5. ſeveral Circles of the Sphere upon a Plane, 

which cutteth the ſaid Sphere in the Middle, 
the Eye being ſuppoſed to be placed in the Sphere's 


Superficies, perpendicular to the Center of the ſaid 


lane ; and this Projection hath its Excellency, that no 


Other Perſpective Projection is capable of; for upon this 


all Circles of the Sphere greater or leſſer, (except right 


Circles) are alſo Circles upon the Plane of the Projec- 
tron, and will anſwer the Appearance, and the Laws of 


Projecting and Meaſuring as well without the Primitive 
. e 
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Circle as within it, which makes this Projection more 

commodious and more practiſed than any other. 

In this Kind of Projection there are four Sorts of 

Circles, viz. The Primitive Circle, a Right Circle, an 
Oblique Circle and a Parallel Circle. 


1. The Primitive is a perfect round Circle, upon 
whoſe Plane the Projeftion is made ; and in this Caſe 


it is the Meridian of the Place ; as here the Circle 


ZHNO is the Primitive Circle. 
2. A Right Circle is a ſtrait Line, or Wer of 
the Primitive Circle which cuts the Primitive into two 

poſite Points, and divides it into two equal Parts, as 
HAO is the Horizon, or EA Q the Equator, Cc. 

3. An Oblique Circle cuts the Primitive at two op- 
poſite Points, but divides it into two equal Parts, as 
20 N, an Azimuth, or P O8, a Meridian. 
4. A Parallel Circle is a leſſer Circle, neither cutting 
the Primitive in oppoſite Points, nor diyiding it into 
two equal Parts, as q © F, a Parallel of Declination, 
or B O C, a Parallel of Altitude. | 

PRO B. I. How to find the Center of any Circle. 


1. The Primitive Circle is always drawn with the 
Chord of 60 Degrees, upon the Center A. 


2. A Right Circle (being a ſtraight Line) bath mo 


5 Center. 


3. The Center of an Oblique Circle always falls in 
that Right Circle, which cuts the ſaid Oblique Circle 


in two equal Parts; thus the Center of the Circle 


Z ON falls in the Right Circle H A O, and the Cen- 
ter of the Circle P © S fall in the Right Circle EAQ ; 
and if you have three Points, as 7 © N, through 
which the Circle is to paſs, the Center is found by the 
ſixth Geometrical Problem at the Beginning of this Book; 
but if you haves given, the Angle that the Oblique 
Circle is to make with the Primitive Circle, ſet the 
Tangent of the given Angle from A in the Line HAO, 
or with the Secant of the ſaid Angle, and one Foot in 
2 or N, with the other croſs the Lige HAO, either 
| Q 2 N Way 


from it's Periphery: Therefore, 
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Way you fhall find the Center of; the Oblique Circle 
required. 

4. For the Center of a Parallel Circle, having its 
Diſtance from the Right Circle, to which it is parallel, 
given, ſet off the Chord of that Diſtance upon the 


Primitive Circle from each End of the Right Circle, 
and the half Tangent of the ſaid Diſtance from the 


Center A, upon that Right Circle, which cuts the other 
at Right Angles, and ſo you will have three Points, 


through which the Parallel is to paſs, to find its Cen- 
ter by t the ſixth Geometrical Problem. 


Or thus, Suppoſe I would find the Center of the 


Parallel of Declination q © F, ſet the Tangent of the 

- Complement of the Sun's Declination * 4 or F into 

the Line SAP, or the Secant of the ſame from A up- 

on Line SAP continued, and that ſhall find the Cen- 
ter required. 


p R O B. II. To find the Pole of any Circle. 
Note; The Pole of any great Circle is always 90 Deg. 


1. The Pole of the Primitiveis always at its Center A. 
2. The Pole of a Right Circle is always in the Primi- 


tive, as the Pole of the Right Circle HAO is at Z, and 
the Poles of the Right Circle EAQ are at P and S, &. 


3. For the Pole of an Oblique Circle, as ſuppoſe the 


Circle Z © N, obſerve where the ſaid Oblique Circle 
cuts thatRight Circle, which it interſects at Right Angles, 
as here in the Point G, lay a Ruler from Z to G, it cuts 
the Primitive in y; ſet off go of the Chords from y to K, 
a Ruler laid from Z to K, cuts the Circle HAO in 8 the 
Pole of the Oblique C icle required. 


4. The Pole of 2 Parallel Circle is always in ithe Pole 
of that Right Circle to which it is parallel; thus the Pole 


of the paral le! © F is in the Line AP, at the point P, 


the Pole of the Right Circle EAQ, VIZ. 

Note; An Arch | of a Parallel Circle is never made a 
Side of a Spherical Triangle, they being all onal 
of Arches cf Great Circles, whether Primitive, Right 
or Oblique. . 5 PR OB. 
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PR OB. III. To preje# any given Angle. : 
1, To make an Angle of 23 29 at the Center of the 


Primitive with the Right Circle E Q. 


Set 23: 29 off the Chords from E to , and from Q 


1 to W. and draw the Line or Right Circle q W, it makes 


(at A the Center) the Angle — 
2. To draw an Oblique Circle to make at 2 an 


Angle of 48 Degrees with the Primitive. 


The Center of this Circle will fall in the Right Cir- 
cle H A O by Prob. I. Set the Tangent of 48 the given 
Angle from A towards O, it will reach to r, then 
upon r, as a Center with the Extent r Z or r N draw 
the Oblique Circle Z G N, it will make at. Z the An- 
gle required. 

3. To draw an Oblique Circle to make a given An- 
fie at the Primitive with another Oblique Circle, as 
uppoſe I would draw an Oblique Circle, to make at 
1 an Angle of 48 Degrees with the Oblique Circle 

f Ss. © 
Lay a Scale from P to · (che Point where the O- 
blique Circle cuts the Right Circle in which its Center 
fall!) and it will cut the Primitive in v, ſet the given. 


Angle 48 off the Chords from v to x, a Scale laid 
from P tox will cut the foreſaid Right Circle in , 
draw the Circle PwS by Prob. I. it is the Oblique : 
Circle required. 


4. To project any given Angle within the Primitive, 


but not at the Center. 


We ſhall add this general Rule to what was laid 


down by Prob. I. viz. that as I ſaid there the Centers 
of all Oblique Circles fall in that Right Circle, which 
cuts them as Right Angles, I ſhall now add, that the 


Centers of all Oblique Circles that paſs through the 
fame Point in the Right Circle, fall in a right Line 
drawn through th® Center of the ſaid Oblique Circle, 
and at Right Angles with the ſaid Right Circle. Exam- 
ple, Becauſe the Point r is the Center of the Oblique 
Circle ZN, therefore the Centers of all Oblique Cir- 

cles that paſs through the Point G, ſhall fall in the Line 
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cd continued, which paſſes through the Point r, and 
cuts the ſaid Circle at Right Angles, &c. which being 
well underſtood the Application is eaſy ; as for Inſtance, 
it is required to draw an Oblique Circle through the 
Point G in the Right Circle HAO, to make with the 
ſaid Right Circle an Angle of 55 Degrees 
Lay a Scale from Z to G, it will cut the Primitive 
in y, the Arch H y meaſured on the Chords is 48 De- 
greee, (the Meaſure of the Angle HZ G) therefore ſet 
the Tangent of 48 from A to r, and through r at 
Right Angles to the Right Circles H A O draw c 4 con- 
tinued, then with any Radius, and one Foot in G draw 
the Arch F R, and from the ſame Radius ſet off 35 
Degrees (the Complement of the Angle to be made ar 
G) from to i; a Scale laid from G to i will cut c 
in m, with the Extent m G, and one Foot in , deſcribe 
the Oblique Circle SGP, it is the Circle required, and 
makes the given Angle 5; at G, with the Right Cir- 
cle HAO. V 
Theſe Directions, with the Rules for meaſuring 
Arches of Circles and Angles, which follow in Ofder, 
will be ſufficient to inſtruct the Learner in projecting 
any Angle required to be made by a given Oblique Cir- 
cle, with another Oblique Circle to be projected, and 
through a given Point in the ſaid Circle; but there is 
in this Caſe another Variety, which is, , 
Io draw a Right Circle to make with an Oblique 
Circle any given Angle; in order to the Underſtand- 
ing of which, this general Rule may be neceſſary, viz. 
That the Diſtance between the Poles of any two great 
Circles (meaſured upon a great Circle drawn, between 
the ſaid Poles) is equal to the Angle made by the In- 
terſection of the ſaid Circles, and conſequently to pro- 
ject the ſaid given Angle is but the Reverſe of the for- . 
mer; for having found the Pole of the given Oblique 
Circle, draw a Parallel Circle about the ſaid Pole diſtant 
from it, equal to the Quantity of the Angle propoſed, 
and where that Parallel cuts the Primitive ſhall be the 
Pole of the Right Circle, from which ſet off go De- 
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grees both ways upon the Primitive, theſe Points, and 
the Center ſhall! be three Points in a right Line, through 
which the Right Circle is to be drawn, and wherever it 
interſects the Oblique Circle, it makes the Angle re- 
quired to be made, but that Interſect ion is confined to 
that Point of Interſection only; but as we have not 
yet taught how to draw a Parallel to an Oblique Circle 
at any given Diſtance from it, that ſhall next follow. 


PROB. IV. To drwa Parallel to an Oblique Circle at ; 
any given Diſtance from it. 


It is required to draw a Circle parallel to the Oblique 
Circle Pb S, at 30 Degrees diſtance from irs Pole. 

Find the Pole of the Oblique Circle by Prob. II. which 
will be found at /, Jay a Scale from 8 A , it will cut 
the Primitive in 1, ſet 60 Degrees (the Parallel's Diſ- 
tance from the Pole of the Oblique Circle) both Ways 
from [to P, and v, a Scale laid from S to P will cut 
E Qin A, which hippens at or near the Center of the 
Circle, 7 OY a Scale laid from S to v will cut QE (con- 
tinued) in a; the Space a A being divided equally in 


,, with the Extent a t or At, and one Foot in 7, deſcrive 


the Circle à Z A, it is the Parallel required, and / its 


Pole is alſo the Pole of the Oblique Circle P b6S to 
which it 1s parallel. 


PR 0 B. V. To ot off. any Number of Degrees, upon a 
_ Great Circle. 


In this Problem are three Varieties. 


1. To ſet off any Number of Degrees upon the Pri- 
mitive, ſuppoſe 3 deg. 32 min. from O upwards. 

Take 5132 of the Chords, and with that Extent and 
one Foot in O, the other will reach to P, the Arch OP 
being 51 32, as required, | 

2. To ſet off àny Number of Degrees upon A Right 
Circle; ſuppoſe 22 30 from the Center A towards P. 
Take the Half Tangent of 22 3o, and ſetting one 
Foot in A the other will reach to h, and the Arch A & 
22 30 required, and Y its Complement to 90, vis. 6 


30. 2 Net, 
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Note; If you ſet off any Number of Degrees upon a 
Rigbæ Circle from the Center, you muſt account from 
the beginning of the half Tangents, and reckon for- 
wards; but if you begin at the Primitive, vou muſt 
then begin at 90 of the half Tangents and reckon 
backwards; thus if you had to ſer 67 30 from P, you 
mult take 67 30 backwards, vi. from 90 to 22 3o, 
which will reach to 5, as before. : 
But if you have any Degrees to ſet off upon any in- 
termediate Arch between the Center and the Periphe- 
ry, it is ſomething more difficult; but the following 
Rule is univerſal in all Varieties of this Problem. 
Set the Chord of 22 3o from E towards Z, it will 
reach to . lay a Scale fromQ to ꝗ in will cut PS in 5j, 
then is Ah 22 3o, as was required. 1 


PR OB. VI. How to meaſure any Side of a Triangle or 
5 Arch of a Great Circle. | 
1. Any Arch of the Primitive is always meaſured 
upon the Chords. . 
2. Any Arch of a Right Circle is always meaſured 


Os upon the half Tangents. 


3. Any Arch of an Oblique Circle is meaſured thus ; 
Lay a Ruler from the Pole of the ſaid Oblique Cir- 
cle, over the Extremities of the ſaid Arch, and obſerve 
where they cut the Primitive, and that diſtance mea- 
fured on the Chords gives the Quantity of the Arch re- 
uired. . 3 9” Tn 
1 Example. Suppoſe I would meaſure the Arch © G 
of the Circle Z © N: Lay a Ruler from g (the Pole 
of the ſaid Circle) to ©, it cuts the Primitive in B : 
Again, a Ruler laid from g to G cuts the Primitive in 
H; the Diſtance BH, meaſured on the Chords, gives 
the Quantity of the Arch © G required. | wn 
PRO B. VII. How to meaſure ang Spherical Angle. 
This one Rule is univerſally uſeful in all Caſes (whe- 
ther the Sides including the Angle are Arches of the 
Primitive, Right or Oblique Circle) viz. Lay a 1 
| | rom 
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from the Angular Point, over the Poles of the two Cir- 
cles, including the Angle, and obſerve at what two 
Places the Ruler cuts the Primitive, for that Diſtance 
meaſured on the Chords, gives the Quantity of the 
Angle required. 
Example. I would meaſure the Angle Z OP of the 
Triangle Z PO: Lay a Ruler from © to g (the Pole 
of one of the Circles including the Angle) it cuts the 
Primitive in &, and then a Ruler laid from © to e (the 
Pole of the other Circle including the Angle) it cuts 
the Primitive in ; the Arch a C meaſured on the 
Chords, gives the Quantity of the Angle Z OP re- 
ui 
; By theſe Dire&ions, and the Inverſe of them, you 
may ſet off any Number of Degrees, or lay down any 
Angle required, as will be further illuſtrated in the fol- 
lowing Example, the Room affigned for this Subject 
not permitting me to enlarge upon it. 


4 Stereographic Projection of the Sphere, upon t * | 
Plane of the Meridian. wks 


— — — 22 1 N. 
How to projet the Sphere ſtereograpbically upon the Plane of 
the Meridian. 


Firſt kh the Chord of 60 Degrees, and one Foot 
of the Compaſſes in the Center A, deſcribe the Primitive 
Circle ZHNO to repreſent the Meridian; draw the 
Diameter HAO to repreſent the Horizon, and at Right 
| Angles to it, draw the Diameter ZAN the Azimuth of 

Eaſt and Weſt : Then becauſe the Pole is 51d. 32m. 
above the Horizon, ſet of 51d. 32m. off the Chords 
from O to P, and from H to 8, then is P the North 
Pole, and S the*South Pole: Draw the Diameter S P, - 
the Axis of the World, and Hour Line of 6, and at 
Right Angles to it, the Diameter E Q the * 8 
0 


Latitude of Lanka 
Sun' 8 Declination 
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Alſo becauſe the Sun's Declination is 22d. 30m 

draw the Parallel of Declination q © F, at 22d. 30m. 
Diſtance from the Equator Northward, by Prob. 1. 

hereof. Now the Sun being in the Parallel q © F, and 
alſoin the Ecliptic g © W, it muſt he at the croſſing 
of thoſe Circles, viz. at the Point ©, which is the true 
Place of the Sun in the Projection, Which being found 
you have three Points, Z, ©, N, through. which to 
draw the Azimuth, Z © N, and alſo three Points 
P, ©, S, through Fg to draw the Meridian POS, 
both which are done by Prob. I. hereof ; and then the 
Parallel q © F is the Parallel deſcribed by the Sun's 
Motion, hence that Day the Sun's Riſing and Setting 
is at g, and at 6 0 Clock at 5, and Eaſt or Weſt at , 
and upon the Meridan at 3, &c. which is ſo intelligible, | 
that it needs no further Illuſtration. 


For the Ecliptic, ſet off 23d. 29m. (the Sun's 
greateſt Declination) from E to g, Re from Q to W., 
and draw the Diameter 7A W, which ſhall repreſent 
the Ecliptic. | 
By Prob. I. hereof draw the Meridian PmS, and 
the Azimuth Z N; and through the Point © (where 

the Ecliptic cuts the Parallel of Declination) draw the 
Meridian P © 8. 


1. To find the Sun's Longitude or Diſtance from the neareſt J 
Equinottial Point. 

The Arch of the Equator A ©, meaſured on the half 
Tangents, and the Degrees and Minutes fo found, being 


reduced to Sines, Degrees and Minutes of the F cliptic, 5 


allowing 30 Degrees to a Sine, Sc. gives the Sun's 
5 Longitude required. 5 
2. To find the Sun's Right Aſcenſion. 

The Arch of the Equator A t meaſured on the half 
Tangents, gives the Sun's Right L when he 
is in Aries, Taurus, or Gemini; but if in Cancer, 
Leo, or Virgo, the Degrees ſo found ſubtracted from 
180, gives the Right Aſcenſion; and when the Sun is 
in Libra, Scorpio, or Sagittary, the Degrees ſo found 
added to 180. gives the Right Aſcenſion ; but if in 

Capricorn. 
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corn, Aquarius, or Piſces, the Degrees ſo foun 
ry She bp from 360, ſhews the RightAſcenſion ene 
Note; For finding the exact Degrees and Minutes of 
the Sun's Right Aſcenſion, the ſame Rules of adding 
and ſubtracting the N found, are to be uſed in 
the 2 uc Projection alſo. 0 
3. To find the Hour of the Day. 
Obſerve where the Meridian P © S cuts the — 5 
tor, as in 1, the Arch Aft of the Equator meaſured on 
the half Tangents, and reduced to Time, allowing 15 
Deg. to an Hour, Sc. gives the Hour paſt 6 in 
the Morning, or the Hours wanting at 6 Night. 
Or thus : In the Oblique Triangle Z P ©, the An- 
gle at P, meaſured by Prob. IV. and reduced to Time 
as above, gives the Hours wanting of 12, if in the 
Forenoon; or the Hours paſt 12, if in the After - 
noon, : 88 5 
4. To find the Time of the Sun's Riſing and Setting. 
Through the Point g (where the Parallel of Decli- 
natio cuts the Horizon) draw the Meridian Pg bS, 
and obſerve where it cuts the Equator, as in 5, the 
Arch A meaſured on the half Tangents, and the 
Degrees reduced to Time, give the Hour and Minutes 
that the Sun riſes before Six in the Morning, or ſets 
after 6 in the Evening; or if in South Declination, 
where the Parallel of Declination interſe&s the Horizon 
on the other Side of the Line PAS, or Hour Line of 
6, it gives the Sun's Riſing after 6, or ſetting before 
6, SW. . 
5. To find the Length of the Day or Night. 
The Hours and Minutes of the Sun's ſetting dou- 
bled gives the Length of the Day, the Time of the 
Sun's Riſing doubled gives the Length of the Night. 
6. Jo find the Sun's Amplitude. 
The Arch of the Horizon A g (being an Arch con- 
tained between the Sun's Riſing or Setting at g, and 
the dye Eaſt or Weſt Point in A) meaſured on the 
half 
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half Tangents gives the true Amplitude from the Eaſt 
or Weſt as may be required. | 


7. To find what Hour the Sun will be at Eaſt or Weſt. 


The Sun is Eaſt or Weſt in 1, the Point where the 
Parallel of Declination cuts the Prime Vertical, or Eaſt 
and Weſt Line Z AN; therefore having drawn the 
Meridian Pn, obſerve where it cuts the Equator, as 
at ww, then A ww meaſured on the half Tangents, and 
reduced to Time, gives the Hour after Six in the Morn- 
ing that the Sun is due Eaſt, or the Hour before Six 
in the Evening that the Sun is due Weſt. 


8. To find the Sun's Altitude when Eaft or Weſt. 


The Arch A m, meaſured on the half Tangents, an- 


ſwers the Queſtion, and gives the Sun's Altitude when 
Eaſt or Welt. 


9. To find the Sun's Altitude at Six Clock. 


The Sun is in the Point þ at Six o'Clock, therefore 
the Arch h e meaſured by Prob, III. yr the Sun's * 
Altitude at 6 required. 


10. To ind the Arimath at Six O'Clock. 


The Arch of the Horizon A e, meaſured on the 
half Tangents, gives the Sun's Azimuth from the 
Eaſt or Weſt as may be required, whoſe Complement 
to 90 e o is the Azimuth from the North. 


11. To find the Sun's Azimuth at any Hour or Altitude, as 
ſuppoſed when in the Point © in this Projection. 


From Z to N, and through the Point ©, draw the 5 


Azimuth Circle Z © N, as before directed, and ob- 


ſerve where it cuts the Horizon as in G, then the Arch 


AG meaſured on the half Tangents, gives the * 
muth from the Eaſt or Weſt as required. 

Thus have I given you a Taſte of all the moſt uſeful 
Problems, relating to the Orthographic, and Stereogra- 
phic Projection of the Sphere; of which I ſhall add no 
more at this Time, but proceed to Spherical Trigono- 
metry, and its Application to Practical Aſtronomy, in 

taeir proper Places. S EC T. 
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SECT. ni. | 


of Spberi cal Tri gonomerry. 


8 Plane Triangles conſiſt of three right d 
Sides and three Angles, made by their interſect- 

ing each other, ſo Spherical Triangles are made by the 
Interſection of the Arches of three great Circles of 
the Sphere, and of thoſe: there are three Sorts, viz. 
Right-angled, Oblique,and Quadrantal, but the two firſt | 
Kinds are moſt in Uſe; and as the great Circles of the 
Sphere are either Meridians, Azimuths, Sc. when they 
interſect each other, ſo as to make a Spherical Triangle, 
the Solution of ſuch Triangles 1 is what is generally cal- 
Ted Aſtronomy. 

In Spherical Triangles obſerve theſe Solutions. 

1. Each Triangle hath 6 Parts, viz. 9 Sides and 3 
Angles. 
2. In Right-angled Triangles there are 5, called 
Circular Parts, viz. the two Legs, the Hypotenuſe, 
and 2 Acute Angles, the Right Angle being not look- 
ed upon as any Part in this Caſe. 

3. Of theſe five there are always two given and one 
required (theſe two and Radius being ſufficient to find 
out the fourth Term required) and of theſe three there 
is always one called Middle Part, and the other two are 
either Conjuncts, or Disjuncts, viz. either both next 
the Middle Part, or both ſeparated from it by a Part, 
not mentioned in the Queſtion, as in the Scheme, ſup- 


poſing in the Pentagon ABCDE; if A, B and E were 


the der mentioned (whether given or re- 

quired) A would be Middle Part, and B Fig. 8 I. 

and E would be Conjuncts, but if D, A and 

B were given, D, would be the Middle Part, and A 

and B Disjuncts, and if this be underſtood of 

the Pentagon, it may be as readily underſtood Fig. 82. 

of a Triangle; for ſuppoſe the three Sides, 1 
| C 

7 
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B, C and E, and the two Angles A and D, all which 
are called Circular Parts, were any three of them the 
Parts given or required; as for Inſtance, if B, C and 
D, then C would be the Middle Part, and B and D 
Conjundts, or if A, C and D were the Parts given or 
required, A would be the Middle Part, and C and D 
Disjuncts, becauſe B is between A and C, and E is 
between A and D, Ce. 
4. Then the fundamental proportion i is, As Radius, 
is to the Tangent of one Conjun# ; ſo is the T, angent of the 
other Conjuntt, to the Sine of the Middle Part. 8 
And, As Radius, is to the Sine Complement of one Di- 
jun; ſo is the Sine Complement of the other Dim, to the 
Sine of the Miadle Part Only 
5. The Hypotenuſe and two Acute Angles, viz. A 
and D are called by their Complements that is, if any 
of them are Middle Parts, they are called Sine Com- 
plements inſtead of Sines; or if Conjuncts, they are 
called Tangent Complements inſtead of Tangents, and 
conſequently if Disjuncts, they are called Sines, inſtead 
of Sine Complements, viz. _ 
6. As in the fundamental Proportion, the Middle 
Part is the laſt Term, it will follow that if the Middle 
Part be given, and a Conjunct required, the Proportion 
mult be inverted, viz. As the Tangent of the given Con- 
junct, is to Radius, ſo is the Sine of the Mitdle Part, to 
the Tangent of the required Conjunt, &c. Underſtand the 
fame of Disjuncts. 
7. In all ſpecial Triangles the Sines of the Sides are 
Proportional to the Sines of their oppoſite Angles, viz. 
As the Sine of D, is to the Sine of B; ſo is 
Fig. 82. the Sine of A, to the Sine of C; and ſo is 
Radius, to the Sine r 
8. Oblique Triangles may be brought under the 
foregoing Rules by letting fall a Perpendicular, and 
working it as two Right-angled ones, only obſerve 
to let your Perpendicular fall from the End of a given Side, 
and appeſite to a given Angle, which when done, all ne 
twelve 
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twelve Caſes in Oblique may be performed by theſe 
Rules, and the following Concluſions. 


CONCLUSIONS. 


1. The Co- ſines of the Angles at the Baſe, are di- 
rectly proportional to the Sines of the Vertical Angles. 
. The Sines of the Baſes, and Tangents of the An- 
gles at the Baſe are reciprocally proportional. 

3- The Co-ſines of the Segments of the Baſe, and 
Co- ſines of the Hypotenuſes are in direct Proportion. 
4. The Tangents of the Hypotenuſes are reciprocal- 
ly proportional to the Co- ſines of the Vertical Angles. 


5. The Tangents of the Baſes are proportional to 
the Tangents of the Vertical Angles. | 


6. In all Oblique Spherical Triangles, when a Per- 


pendicular is let fall from the greateſt Angle to the 
greateſt Side, it will be, as theTangent of half the Baſe, 
is to the Tangent of half the Sum of the other two 
Sides; fo is the Tangent of half the Difference of the 
ſaid Sides to the 8 of half the Difference of the 
Segments of the Baſe; which half Difference being 
added to the half Baſe, the Sum is the greater Seg- 
ment, but ſubtracted from it, the Remainder is the : 
leſſer Segment. 

Theſe are ſufficient for all the 28 Caſes, yet for Va- 
riety I ſhall inſert another Operation where three Sides 
are given to find an Angle, viz, 

Add the three Sides together, and from their half 
Sum, ſubtra& the Side oppoſite to the Angle required; 
then to the Complement Arithmerical of the Log- 
Sines of the Sides containing the Angle required, add 
the Log-Sines of that half Sum, and remainder, half 
the Total of theſe four Logarithms is the Sine Com- 
plement of half the Angle required. 

Theſe Directions well underſtood, being fufficient to 
ſolve all the 28 Caſes of Spherical Triangles, I ſhall 
give a brief Inſtance of each Caſe, to help the Memory 
as 
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as well as the Underſtanding of the Learner, and ſhall 


apply them more largely when I come to ſpeak of 
Aſtronomy itſelf. 


Note; I ſhall for Brevity ſake put S. for Sine, . . 

for Sine ce T. for Tangent, 7. C. for Tan- 
gent Complement, R. for Radius; and ſhall only men- 
tion the Proportion here, but ſhall perform the Calcu- 
lations from the ſame Reaſons afterwards; Note, Mark 
the given Parts with a Daſh thus /, the required thus 25 


CASE I. Es. 83. 


A gl 4 1 
Hy. AD 3 Required AB. 


Here by the foregoing Directions, A is Middle Part, 
and AD and AB are Conjuncts, and though Middle 
Part is a Sine, yet being an Angle it becomes a Sine 
Complement, alſo AD being 2 Conjunct ſhould be a 
Tangent; but being the Hypotenuſe, it is a Tangent 
Complement, likewiſe becauſe Middle Part is given, 
the fundamental Proportion muſt be inverted, all which 
being conſidered, the Analogy is, 


AsT.C. AD . R.:: S. C. A. T. AB. 
A8 E It Fig. 84. 
Given the Hypotenuſe and an Angle, to find the Leg oppoſite 
150 the given Angle. 
The Angle A 
Given 1 2 3 ap} Required BD. 


Here B D is Middle Part, and AD and * are Dit: 
juncts, therefore the N bs, 


As Radius. S. AD: "$8. A+ n BD. 


Given 


"CASE III. Fig. 85. 
<7 den the Hypotennſe and an Angle, to Aud the other Angli. 


Hy ſe AD 
Bhs & 944 Angle TRequ! red the Angle D. 


Hete 


7 


Sect. III. Spherical Trigonometry, 2241 
Here A D is Middle Part, and the Angles A and D 
are Conjuncts, therefore the Proportion is, 


As T. C.A.. Radius: : . C. AD. T. C. D 
CASE lv. Eg. 86. | 
Given the Hypotenuſe and a Leg, to find the 4 included 


between them. 


Given Leg Af AB b Required the Angle A. 


The Angle A is Middle Part, and AD and AB, are 5 


Conjuncts, therefore the Proportion is, 
As Radius T. AB:: T. C. AD S. C. A. 
CASE. v. Ex. 57. 


5 Given the e and 4 Leg, to fiad the Angie oppe/i ie 


to the given Leg. 


Given 11 2 Required the Angle D 


| Here AB is Middle Part, and AD and D are Dif- 
juncts, therefore the Proportion 5 


As 8. AD. Radius. 8. AB. S. D. 
CASE VI. Fig. 88. 
Given the Hypotenuſe and a Leg, to find the other Leg. 


Given a Required BD. 


Hee AD is Middle Part, and AB and BD are 


Disjuncts, therefore the Proportion 1 is, 
As S. C. AB. Radius: : $.C. AD.. S. C. BD. 


R 1 
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CASE vll. Fig. 89. 

Given an Angle and a Leg adjacent, to find the Leg * 
pete to the given Angle. 


GivenF Les kr C Required the Leg F G. 


In this Caſe EF is middle Part, and the ocher Parts 
are Conjuncts, therefore the Proportion * | 
As 7. C. E. Radius:: S. EF. T. FG. 
CASE VIII. Ez. 90. 
Civen an Angle and a Leg afjacent, to find the Angle * 
_ ite to the given Leg. 
Given} Les EF Required the Angle G. 


Here the Angle G 1s middle Part, and E F and E 
are Disjuncts, therefore the Proportion 1 - 


As Radius . C. EF: : 5. E. .S. C. G. 


CASE It Fas. 91. 


Given an Angle and a Leg adjacent, to find the Hypotemsſe. 


Given T2 gle - { Required EG. 


The Angle E is middle Part, and EF and EG are 
Conjuncts, therefore the Proportion is, 


AST. EF. Radius: : 8. C. E. . . C. EG. 


CASE X. Fig. 92. 


Given an Angle and a Leg oppoſe ſte, to find the Leg adjacent 
to the 2 Angle. 


oven 6g Leg 8 70 E Required E F. 
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The Side EF is middle Part, and Angle E and Side 
FG, are Conjuncts, therefore the Proportion is, 


As Radius T. FG: : T. C. E. S. EF. 
CASE XI. Hr. 33 


Given an =o and a Leg oppoſite, to find the Angle . 
cent to the given Leg. 


Given 1 r. : | Required Angle G. 


Here E is middle Part, and FG and Angle 4 are 
Dis vncts, therefore the Proportion i is, 


As S. C. FG. Radius:: S. C. E. S. G. 
CASE Xl Arc - 
| Given an Angle and a Leg oppoſite, to find the Hypotenuſe. 


Given} Les Fe Required EG 


Here FG is middle Part, and EG and Angle E are 
Disjuncts; therefore, 


As S. E. Radius:: FG. S. EG. 
CASE XII. Fg. 95. 


Given the Legs to find an Angle. 


Given E IK} Required Angle H. 


Hence H I is middle Part, and I K and H are Con- 
juncts, hence the · Proportion is, 


AST. IK. Radius 8. H. 1 - 
„ AE 
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CASE XIV. Fig. 96. 
Given the Legs to find the Hypotenuſe. 


Siren 155 x | Required H K. 


Hence HK is middle Part, and III and IK are 
Disjuncts, therefore the Proportion i is, 


As Radius S. C. I I: : 8. C. IK. S. C. HK. 
0 AS E XV. Fig. 97. 
Given the Angles to find a Leg. 
Given a3 1 Required HI 
Here the Angle K is middle Part, and II! and An- 
gle H are Disjuncts, therefore the Proportion 1 is, 
As S. H. Radius: : 8, C. KS. C. HI. 
CASE XVI. Eg. 98. 
G: den ihe Augles to find the . 


Given Ane K { Requi: red HK. 


Ficre HK. 15 . idle Parr, and the Angles H and K 
are Conjuncts, therefore the Proportion is, 


As Radius, 7. 0 H : : 7. C. K. S. C. HK. 


Theſe are the 16 Caies of Right · angled Triangles, 
and are all performed by the tundamental Proportion, 
COMM ONly called my Lord Napier's, mentioned in So- 
„tion the 4th, by the Help of the Directions in Solu— 
don 2, 3, 5, and 6; the other 12 Caſes are in Oblique, 
and 
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and performed by Solution 7 and 8, and the Conclu- 


ſions folllowing them. 
Note; When we refer to any Caſe, we mean ſome of 


the 16 Caſes or Right-anglcd Spherical Triangles be- 
tore going, | 


Obligue Angles. 
TASTE TL Fig. 99- 


Too Sides and an Angle oppoſite to one of them being given, 


to find the Angle oppoſite to the other. 


Note; It is to be known whether the Angle requi- 
red be Acute or Obtuſe; for if it be Acute, the Sine, 


Tangent, Sc. that the Operation produceth, is the 


Sine, Tangent, Fc. of the Angle required; but if it 


is Obtuſe, the Degrees found ſubtracted from 180, the 


Remainder is the Quantity of the Angle me. 


8 The Side LN } 
Goon The Side NM Require the 3 * 
( The Angle M \ 


The Soletivn of this depends upon Solution 7. 
As S. LN. . S.:: Ms. NM. . L. 


E A SE IL Fig. 100. 


The Sides being, given, with an Angle oppofite to one of them, 


to Find the Angle included between the given Sides. 


The Side I. N ) 
Gives The Side N M Required the Angle N. 
(The Angle M 


Let fall the Perpendicular NP from N by Sol. 8. 
which falls within ; then in the Right-angled Trian- 
gles MPN there are given the Side N M, and the An- 

R 3 gle 
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le M to find the Angle MNP by Caſe III. and then by 
Concluſion the fourth, the Propoſition for 2 — 
Angle LN is, 


4s T. LN. S. C. MNP: : T. MN. S. C. LNP, and 
the Angle LNP being found and added to the Angle 
MNP, the Sum is the whole Angle LNM required. 


CAS E III. Fig. 101. 


Given two Sides and an Angle oppoſite to one of them, to find 
the third Side. 
The Side LN 
Ginny Th Side Na {Required the Side LM. 
The Angle MJ © 


| Here, as in Caſe II. becauſe the ſame Things are 
given, the Perpendicular muſt fall from the Angle N, 
: : pon the Side LM, and having let it fall to P by Sol. 
— have given in the Right- -angled Triangle MPN 
the Angle M and the Side MN, to find the Baſe MP 
by Caſe I. which being found, find the other Segment 
of the Baſe by Concluſion the third, viz, | 


As S. C. N- S. C. PM. . C. LN. S. C. LP. 
Then MP, added to LP, is che Side LM required 


CASE IV. Ig. 102. 


Twe Arges and a Side oppoſite to one of them being given, to | 
find the Side «ppt te to the other. 


Nete; Here. as in Caſe I, it is required to be known 
whether the S ide required be more or leſs than a Qua- 
Grant; for 1 it be Jets, the Sine or Tangent found an- 

*wers ine Caſe; bur if it is more than a Quadrant, ſub- 
trace ire Degrees ard Minutes found from 180 Degrees, 7 
The Kemai der is the Side required. 


Given 
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The Angle N } 
Given The Ang * M - Required the Side LM. 
The Side 1. N50 


The Proportion i in this Caſe deduced from Sol. 7 is, 
As S. M. S. LN: S. N. S. LM. 


CASE v. Fig. 103. 


Ty W0 Anples and a Side oppoſite to one of them being given, 
_ to find — Side included between the given Angles, 


The Angle L. 
Given The Angle M * the Side LM. 
The Side LN. 


|  Hereby Sol. 8. the Perpendicular i is to fall from the 
Angle N upon the Side LM, and then in the Triangle 
LN there is given the Angle L, and the Side LN'to 
find the Baſe LP by Caſe I. of Right-angled Spherical 
Triangles, which being found, the other Segment PM 
is found by Conluſion the ſecond, thus: 


As T. M. S. LP: TL: S. MP. 


The Segment MP added to LP makes the whole Side b 
£ LM required. 


CAS E VMI. Fg. 104. 


Given two Angles and a Side oppoſite to one of them, to find. 
„ third _ 


(The Angle IL. 
Given The Angle M Required the Angle N. 
The Side LN 
The Perpendicular falls from the Angle N by Sol. 8. 
then in the Righ®angled T. 1ingle LPN there is given 
the Angle L and Side L P, to find the Angle LNP by 
Caſe II]. and then the other Angle MNP by Concluſion 
the firſt, thus, 
As S. C. L. S. ENP{S. C. M. S. MNP. 
))) 
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Then the Angle MNP added to LNP 15 to the whole 
NM required. 


CASE Vir K. 1 103. 


Ti wo Sides and an Angle included given, to find either of the 
ober Angles. 


The Side XY 
Gio The Side YZ Required the Angle Z, 
be Angle X12 ; 


Here by Sol. 8. the Perpendicular muſt fall either 
from X or Z, and it falls without, either upon the Side 
AY: continued, or upon Z continued; but where the 
Cale is ſo ambiguous by Sol. 8, obſerve, 


Let the Perpendicular fall from the End of a given . 
and oppoſite to a given Angle, and likewiſe oppoſite to the 
Angle required, if an Angle be required, or next to the Side 

required, if a Side be required. 


By this Rule the Perpendicular muſt fall ds the 
Angle X upon the Baſe Z Y continued to W, and then 
in the Right-angled Triangle I WX, there is given the 
Side XY, and the Angle XYW (being the Supple- 
ment of the given Angle XYZ to 180 1 to find 
the Leg WY by Cafe J. of Right-angled Spherical Tri- 
angles, and adding WY to YZ the Sum is WZ; then 
by Concluſion the ſecond, 


As 8. WZ. . XYW : : 8. WY ..7. XZW. 
CA S E VIII. Fig. 106. 


Tu wo Sides a an Angle included being given, to fund the 
| Third Sade. 


ebe Side XT hs 

Given The Side YZ Required the Side XZ. 
( The Angle XYZ | 

| In 
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In this Caſe the Perpedicular falls from the Angle 
X (by Sol. 8.) without the Triangle, upon the Side 
Z Y continued to W, for the ſame Reaſons as in 


Caſe VII. or it might be let fall from the Angle Z 


upon the Side X continued, but we ſhall chuſe the 
former, viz. to let it fall from the Angle X to the Side 
x continued to W, then as in Caſe 7. of Oblique Sphe- 
rical Triangles you have given the Angle WYX, and 
the Hy potenuſe YX to find WY by Caſe I. of Right- 
angled Spherical Triangles, then adding WY to the 
given Side YZ, gives the whole Baſe WZ, then find the 
required Side XZ by Concluſion the third, 


ACN” S. C. XY : : S. C. WZ. 4e 


CASE IX. Fig. 107. 


T Wo Angles and a Side included being given, to nd either 
f the other Sides. 


CThe Angle B 
Given The Angle G (Required the Side GN. 
The Side BG 


i this Caſe the Prada falls from * Angle 
G upon the Side BN by Sol 8. and falls within the 
Triangle, and then in the Triangle BG, there is given 
the Sine BG, and the Angle B, to find the Angle BGP 
by Caſe III. which Angle being found, ſubtract it from 
the whole Angle BGN, the Remainder is the Vertical 
Angle PGN, then by Concluſion the fourth, 


„ PGN T. BG: : S. C. BGP. . GN, which 
is the Side Required. . 


CASE X. Fig. 108. 


Ts po Angles and a Side comprebended being given, to ful tbe 
other Angle. | 


Given 
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The Angle B 
Given The Angle G ROT the Angle N. 
{ The Side BG 


| Here by Sol. 8. and the Reaſons given in Caſe IX. 
the Perpendicular falls from the Angle G upon the Side 
BN, then in the Triangle BPG, there is given the An- 
gle B, and the Side BG to find the Vertical Angle 
Bp by Caſe III. which being found and ſubtracted from 
the whole Vertical Angle BSN, there Remains the 
Vertical Angle PEN, then find the required Angle 
PNG, by Concluſion the firſt, thus, 


As S. BGP++S. C. GBP :: S. PGN -- $. 0 PNG. 


CASE XL Fig 109. 
Three Sides given to find an Angle. | 


The Side BG 
| Giveng The Side GN Require the Angle 8 
( The Side BN 
This Caſe may be performed by various Methods, N 
or by Concluſion 6, but being the required Angle is one 
of the Angles at the Baſe, it may be more commodi- 
ouſiy done (a Perpendicular being let fall) by Concluſion 
the ſixth, that is, as Tangent of half the Baſe BN, is 
to the Tangent of half the Sum of the Sides BG and 
GN ; fo is the Tangent of half the Difference of the 
laid Sides, to the T angent of half che Difference of the 
Segments of the Baſe. 
Then in the Triangle BPG there is given che Hypo- 
te nuſe BG, and Leg BP, to find the Angle required by 
Caſe IV. of Ri ght-angled Spherical Triangles, viz. 
As Radius- T. BP: : 7. C. BG. S. C? PBG, the An- 
gle required. 
Mote; When the greateſt Angle is required it is bet- 
ter to Work it by Concluſion the ſixth. 
CASE 
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-C ASE MI. N. 110. 
Given three Angles to find a Side. 


Take the Complement of the grea-eſt Angle to 180 
Degrees, and then the Angles will be turned into Sides; 
and are t be calculated in of Reſpects as in Caſe the 
Eleventh, which need not be repeated in this Place, 


but ſhall be more large when we come to the Applica- 
tion hereof to Aſtronomy. 


SECT. Iv. 
The Demonſtration of the firſt Five of the Guck 


ions, by which Oblique Spherical Triangles are 


Jelved by the Help 5 a Perpendi. cular. 


9 all Spherical Triangles which require a Per- 
endicular to be let fall acccording to Sol. 8. 
that the Perpendicular divides the Oblique Triangle 
into two Right-angled ones, and is common to both, if 
both the Angles at the Baſe be acute, for then it falls 
within; or if it falls without, the Rules are evidently 


the ſame if we look upon the Oblique Triangles to be 
folded in the Perpendicular, the leſſer unfolded out of 


the greater, the ſame Perpendicular is com mon to both, 
and the Demonſtration is the ſame. 


The Demonſtration is deduced from the fundamental 
Proportion Sol. 4. provided we make Radius, and the 


Perpendicular (which is common to both Triangles) 


the two firſt Terms in both Proportions; for they be- 
ing deſtroyed, the two laſt Terms in both bear the ſame 
Proportion to each other, as the firſt and laſt in each 
did, as for Example. 

' Concluſion I The Co- ſines of the Angles at the 


Baſe are directly proportional to the Sines of the ver- 
tical Angles. 
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LNP: As Radius. S. C. NP:: S. LNP - 
In the 
Triangle 


8. C. L. 
MNP: As Radius. S. E NP : S. MNP 

SC. M. 
Deſtroy the two firſt Terms in each, it will be, 

As 8. LNP. S. C. L. 5. MNP - S. C. M. 


That ! is, as as Sine of one Vertical Angle, is to 


S. C. of its Angle at the Baſe; ſo is the Sine of the 
other Vertical Angle, to the S. C. of its Angle at the 


Baſe. Which was to be proved. 


Concluſion II. The Sines of the Baſes: are reciprocally 
proportional to the Tangents of the Angles at the Baſe. 


«IS. WE Triangle LNM, let fall the Per- 
Fig. 104. na NP by Sol. 8. and then by the 
Directions above, the Baſes and the Angles 


zt the Baſe are the Parts concerned in the Queſtion, to 


make (with Radius and the common Perpendicular) the 


four Terms in the Queſtion, and then by Caſe X. of 
Right. angled Sperical Triangles, it is, 


In the 
Triangle 


LNP : As Radius F. Nr . 
LP. nd 
15 As Radius. T. NP : : T. C. M. . 
MP --- 


Deftroy the two firſt Terms! in each (being both the 
fame; ) and 1 it will be, 


As T,C.L- S.LP: 2. C N 1 


* 5 


| Alternately, as T. C. L. T. C. M. S. LP. S. Mp; 


but as T. C. of any Arch, is to the T. C. of any other : 
Arch; ſo is T. of the latter, to the T. of the former 
| Supplement to Barrow's Euclid) therefore; 


As 


Sect. IV. OBlique-angled. 
"As ©. M-£TIP::CL-$MP. 


£53 


| Concluſion the third. The Co-ſines of the Segments 


of the Baſe are directly proportional to the Co-lines of 
the Hypotenuſes. 


In the Triangle LNM let fall the Perpen- 

dicular NP to divide it into two Right- Fig. 104. 
angled ones LNP and MNP by Sol. 8. then 

as the Baſes and Hypotenuſes are the Parts concerned 


with Radius and the common Perpendicular NP, it will 
be by Caſe the XIV. 


> CLP + As Rear: 8 C.NP::8.C.LP: 
le 4 CEN. 
Triangle . As Radius. S. C. NP. E C. MP: 


S. C. MN 
— the two firſt Terms in each, it is, 


As S. C. LP. S. C. LN: : 8.C. Mp. 8. c. MN. 


Concluſion the fourth. The Tangenes of the 1 


tenuſes are reciprocally proportional to the Co- ſines of 
the Vertical Angles. 


Let fall the Perpendicular NP as before, 


and then in the Triangle LN the Side LN, Fig. as; 
and Angle N, and in the Triangle MNP, 


the Side MN, and the Angle N are the Parts concern- 


ed with Radius, and the common — NP, 
then by Caſe the IVth, it is, 


In the. 
Triangle 


S. C. N. 


MN: As Rad. -. T. NP: 7. C. MN 


1 As Rad. 7. NP:: 2. GIN 
8. C. N. 


Deſtroy the two firſt Terms in each, it is, 
As 
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As 7. C. LN. S. C. LNP: : F. C. MN. S. c. MNP. 
or by mutually Changing Tang. Comp for T — 
as T. MN. C. LN: : T. LN: : S. C. MNp. 


- Concluſion the fifth. The Tangents of the Baſes are 
directly proportional to the Tangents of the Vertical 
Angles. 
In the Oblique Triangle LNM divided 
Tig. 104. into two Right-angled ones by the Perpen- 
1 dicular NP, as before, the Parts concerned 
are the Baſes and Vertical Angles, viz. in the Triangle 
I. PN, are the Angle L. NP, and Sides LP and NP; and 
in the Triangle MPN, are the Angle NMP, and the 
Sides PM and PN, but becauſe PN is middle Part, it 
cannot come in with Radius to poſſeſs the firſt and 2d 
Places in the Proportion, without Tranſpoſition or Al- 
TOR, which may be thus done—Firſt, by Caſe the 
- Tenth, 
CLN As Rad. 2. LP, 1. LNP- 
In the 8 
Triangle art ag Rad. 7 BM, : T. C. MNP. 
8 


Therefore ( Supplement to Barrows Euclid) 


"LNP : AsT. C. PL: Rad. : T. C. LNP-- 

In the $ NP.- oy 

Triangle} MPN: As T.C. PM. Rad. : T. C. MNP. 
S. NP. 


By Permutation, Euclid Lib. 5. Dey. 1 


(IN: As 7. C. LP. 7. C. LNP : Rad. 
ane £. NP. © 
Triangle } MN: As 7. 2 PM. T. C. MNP : : Rad 
THE: * 


Deſtroy the two laſt Terms, being both the ſame in 
each, and the remaining Proportion will be: 


Sect. III. Obliquc-angled. 249 
As T. C LP --T.C.LNP::T.C.PM-T.C.MNP. 


But as the Tangent Complement of any Arch is to 
the Tangent Complement of any other Arch, ſo the 
Tangent of the latter Arch to the Tangent of the former, 
(becauſe every Tangent multiplied by its Complement 
produceth the Square of Radius) therefore it is; 


As T. C. LP. Z. C. LN P:. 7. LNP-T. LP. 
And for the ſame Reaſon : 
As T. C. PM. 2. C. MNP ::T. MNP. . PM. 


Therefore in an inverſe Proportion, | 
As T. LNP. T. LP:: T. Mp. T. Mp. 


That is, as the Tangent of one Segment of the Baſe 
is to the Tangent of its Vertical Angle; fo is the Tan- 
gent of the other Segment of the Baſe, to the Tangent 

of its Vertical Angle. Which was to be demonſtrated. 
Theſe Concluſions are ſufficient in all Caſes of Oblique 
Spherical Triangles, and | thought it more proper to de- 
| monſtrate them here, than to interrupt the Learner with 
a Demonſtration in the Practice of the 28 Caſes of Sphe- 
S rical Triangles . 


Of Quadrantal Triangles. 


As Right-angled Triangles are ſo called, becauſe they 
have one Angle, that is a Quadrant or go Degrees; ſo 
the Quadranral ones take that Name from their having 
one Side of a Quadrant or 90 Degrees, as in the Triangle 
AP, the Side A P being a Quadrant or go Degrees, 

or in Aftronomical Terms (which we ſhall 7 
explain hereaftfr) the Side A © is the Sun's Fig. 65. 
Longitude, the Side O is the Complement 
of the Sun's Declination, and AP is a Quadrant, or the 
Pole's Diſtance from the Equinoctial, Cc. 5 
— — Theſe 
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Theſe Quadrantal Triangles are ſoived by the ſame 
_ univerſal Proportion, as Rignt-angled ones are, if we uſe 
the Sides of the Quadrantals as we do the Angles of the 

Right-angled, viz. as in Right-angled Triangles, the 
Right Angle is excepted, and the other two Angles and 
the three Sides are called the five circular Parts, ſo in 
Quadrantal, the Quadrantal Side is excepted, and the 
other two Sides and the three Angles make the five cir- 
cular Parts; but all the Parts whether Sides or Angles 
(except the Quadrantal Side) are called Conjuncts, Diſ- 
juncts and Middle Part, as Right-angled Triangles are, 
and with the ſame Limration, viz. that the two Angles 
next the Quadrantal Side, are called by their Comple- 
ments, viz. if they are Conjuncts they are called Tangent 
Complements, and Sines if they are Disjuncts; and if 

Middle Part they are Sine Complements, and in all other 
Caſes they are performed as in Solution 4, with the Cau- 
tion in Solution 5 and 6, as one Example will ſufficient- 
ly explain. | _ „ 
: Suppoſe in the Triangle APO there is given 
Fig. 65. its Sides AO and OP, to find an Angle * , 

0 here AO and g Pare Conjuncts, and the Angle 
O is Middle Part, and becauſe the Parts given and re- 
quired are remote from the Quadrantal Side, they are 
called by their Complements, and hence the Propor- 


dd 
7 


on is: ds 
As Rad. T. C. A O:: 7 C. G P: S. C. AoP. 
It will be needleſs to repeat any more Examples, it 
being ſcarce poſſible, after theſę Directions, for any 
that underſtands Right-angled Spherical Triangles, to 
miſtake in ſolving the Quadrantal ones. 1 
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TABLE 


DIFFERENCE 


O F 


Latitude and Departure 


IN 


to every Degree and * 
OF THE 


c O MP A 8 8, 


For che exact eds of a 


TRAVERSE: 


And readily finding the 


LONGITUDE 


BY 


INSPECTION, 


"5 According to Middle Latitude. 
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A lJable of DIFFERENCE 


© | 1 Deg.) 2 Deg.| 1 Point] 3 Dep. 4 Deg., 5 Deg. V 
> | Car pDey|Lat |Dep L D [Lat] Dep |Lar (Dep [Lat | Dep| > 
Ry 010,000 TIET 01.0 oo. o 00.1 [01.0 o. 1 [o. o. oO. 1 7 
2 | 02.0, 00.0102.0| 00.1 |02.0| oo. i co.1 oz. ooo. iI o. O02 [2 
z | 030, o [03.0 00.1 103.0] 00.1 00.2 [oz. oſ 00.2 |03.0]00.3| 3 
| 4| £4.0| co.1 04 0| 00.1 |04 o 00.2 00.2 [04.0] oo. 304. o o. 4 
3eſeenſese ces [05.0] A Se 00.3 ee eee 
| G| 06.0| cos. | 00.2 | 06.0] 00.3 00.3 f06.0] 02.4 | 06.0/ 00.5 6 
9 | 07 0| 00.1[07.0{ 00.2 | 07,0] 0.3 00.4 [o/ oſ 00.5 | 07 o 00.6 7 
' g| 080|o0.1]of O oc. 3 oB. oſ oo. 4 00.4 [od. oſ oo. o OO. Y 
9 os. o co2 og. o 09.3 og oſ 00.4 00.5 og. o oo. 6 o. oo. 8 9 
0] 2202150010001 Wong HINT BA We 22 
7 11.0 o. 211.0 00.4 [11.0 80.5 17.5 00.6 [11.0] oc. 3 11.001.011 
12 1200.2 12. 0 00.4 | 12.0] 00.6 120 00.6 lz. oſ oo. 8 1201.12 
13130. 213.0000513 of 00.6 00.7 [i3. o oo. 9 12 901. 113 
14 | 14-0] 002 14 0|00.5|140]007 00.7 [14.0]o1 0] 139jJOI12] 14 
15 | 150] co3)150/c05/150[00.7|13.0]00.8 [15.9)010 | 14.9]21.3 | 15 
16 | 16.0] 00.3]16.0| 00.616. 0 00.8 16.0 00.8 [16.0] 01.1] 15.9] 01-4 | 16 | 
19 | 17-0] 00.3]170; o06| 17.0] co8 17,0]oo.g [17 0joi.zf 16.9]01-5| 17 
18 | 18.0] co.3]18.0| 00.6 | 18.0] 00.9 | 12.0 joo.g | 18.0) 01.3 [17 9] 01-6] 18 
9 | 190| 00.3] 190| 00.7] 19.ofcog 01.0 |19.0|01.3 | 18,9] 01.7 | 1g 
20 | 200] 004[200| 05.7] 20.0|01 0/200Jo1.0 [2001.4 1199] % 20 | 
21 | 21.0]00.4|210|co.7] 21.0010 o1.4 20.9 01.5 20.9 91-8 | 21 | 
22 | 22.0] ©0,4|22.0 | 00.8} 22.0] 01.1 01.1 [21.9]o01.5 [21.9] O19 | 22 
23|230|004|23.0|c08| 230011 01.2 |22.9]01.6 [22.9] 02.0 | 23 
| 24 24.0|00.4|24 ©| 00.8 | 24.0] O12 01.3 [23.9]01.7 [23.9] 02-1 | 24 
25 | 25 0] 09.4 |25.0| 00.9] 250]0I2 013 24.9[01.7 24.9 22-2 25 
| 26 | 26.0| 00.5 26.0 00.9| 26,0] 01.3 01.4 |25.9]01.8 |25.9| 22-3 | 26 
27 27000. 527.0 oo.g| 27.0] 01.3 01.426 901.9 |26.9| 02-4 | 27 
| 28 28.0 528.0 01.028.001. 4 01.5 [27 9[o2.0 127.9 92-4 | 28 
2929005290000 29.0[Ol.s 01.5 [28.902 028.9 02.5 | 29 
30 | 30. o oo 5 300|01.1] zoofot.sz 01.6 [29.9] 02 129.9 02.0 30 
3i | 31.0] 00-5$|310,01.1|31oJol.s 01.6 30 9 o 2130.9 0207 | 31 
| 32 | 2. o c0.6|32 001.1 32.C|01.6 3 31.9] 02.2 31.9 ©2.8 32 
\ 33| 33 0]9061330,01.,2|13.0101,6 01.7 32-91 02.3 32.902.933 
| 34 | 34 0] 00.6] 340|012, 34.c| 01.7 o1.8|33.9]o02.4 [33.91 03-0] 34 
35 | 35.0] 90.6135.©, 01.2 |35.0]o1.7 ol, [34.902 4349/03! | 3s 
| 36] 36 000.6 36.0 01.3|360[01.8 o1.9|359|02.5|359]03-1 | 36 
37 | 37.0]00.6|37 c|o1.3[370f 01.8 01.9 | 36.5] 02.636.903 2 37 
38| 38.0 oo. 7 38.0 01.338 001.9 02.0 |37.9102.7 | 37.9] 03-3] 38 
| 39] 39.0] ©07[39.0| 01.4 |[390]ol.g oz © |38.5|02.7|38 9] 034 |. 39 
£] ENDL 24 oſusſto9/0nl fVANI N33] 
41 | ro Ao oA. o. 02. 1 [40.9 02 9 40.8 05.6 61 
42| 42000. 42.60 0541.9 oz. oL.2 [41.9 02.9141.8[03.7 44 
43] 430|9£[43.0|ol.5|42.5|02.1|42.9j02.2 [42.9 03 042.8008] 
44440 oo 8440, 01.5| 43.9] 02.2 1439 O2. 3 43-9)03.1 438 03.8 44 
45| 450|<08]450/016]449f02-2 , [445/03-1 2 
46 o 840 001.645.903 | 45.9] 02.4 | 45-H03.2 | 45.8] 94-© | .46 
! 47] 47.0]00.8]470| 016|46.9]02.3 | 46.9] 02:5 | 46.9] 03.3 | 46.80 04-1 | 47. 
| 44] 48.0] c 848.00 01.9 | 47.9] 02.4 | 47.9] 02'5 | 47 $1 03.4 | 47.8] 042. 48 
[ 4y | 49.0 -0.9] 49.0] ©1.7 | 48 9] 02.4 | 48.9] 02.6 | 48.9] 03.4 | 48.8] 04.3 | 49 
E Sees 500] 01.9 [49.9] 02.5 499/05 | 49.9) 03:5] 49] 044 | 2 
wi DepiLat | DepiLat | Dep} Lat Dep Lat | Depl Lat Der! Lat w] 
S189 7-188 Dex.!77 Poine. 87 Deg [86 Deg.[35 Deg: | = 


— 
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| S{ 1 Deg. | 2 Deg. | 4 Point | 3 Deg. | 4 Deg 5 Deg. | © 
Lat I Dep Dep Lat Depſ Lat Dep Lat Dep Lat | Dep| >| 
51 51.0 | 00.9 o1.8|50.9 oz. 5 50.9|02.7 |50.9|03.6| 50.3] 04.4 51 
52] 52.0] 00.9 o1.8 61.9 [02.6|51.9]02.7|51.9 51.804. 5 52 
53 53.000. 9 01.8 52.9 [02.6 52.9 oa. 852.9 52.8004. 6 52 
54 54.0 oo. 9 o. 953.9 [o. 753.9 02.8 53.9 53.8 04.7 54 
55] 55-0 [22:2| 55-0] 22:9 2222. [54-81 04-8] 551 
56| 56.0 01. 55.9 [02-7] 55.-9102.9|55.9 55.8 34.9 56: 
57 57.0 ol. o 56.9 02.8] 56.903. 0 56.9 56.5 C5. 0 57 
58 58.0 [or. o 57.9 [o. 857.903.057. 9 57.8j05.1| 58 
59] 59.0 [o. o 5$.9 02.9 58.9[03.1|58.9 58.805. 1 59 
6 60.0 [o: o 4459.9 |©2-9| 59.9103-11 59.9 59.8]05.2| 60 
61] 61.001. 1 [60.9 og. o] 60.903. 260. 9 60.805.362 
62] 62.001. 1 61.9 [03.0 61.9 03.2 61.9 61.805. 40 62 
63] 63.0 [01.1 62.903. 10 62.9 03.3 62.8 62.305. 5 63 
64] 64.001. 1 63.9 03.163.903. 363.8 63.8] 05.6] 64 
65] 65.0 O11, 64.9 |©3-2| 64.91 03-4 |64.8 64.8| 05.7} bs 
66 66.0J01.2 65.9|03-2|65.9|03.5 |65.8 65.7] 05.8] 66 
| 67] 67.0Jo01.2 66.9 | 03. 366.903. 566.8 66.7] 05.8] 67 
6J 68.0]01.2 67.9|03-3|67.9|03-6 |67.8 67.7] 05.9] 68 
69 69.001. 2 68.9 03.4 68.9] 03.6 68.8 68.7] 06.0| 69 
| 70] 70.0]01.2 .4169.9 | 03-4| 69.9] 03-7 | 69.8 69.7] 06.1] 70 
71] 71.0]01.2 70.903. 50 70.9] 03-7 70.8 [70.7] ob.z| 71 
72] 72.,0]01.3 71.903. 5 71. 9 03.8 71.3 71.7 06.3] 72 
73\ 73-0jo1.3 72.9 |03-6| 72.9 03.5 72.8 72.7] 06.4| 73 
| 74] 74-oſo1.3 73-9 |03-6|73.9] 93-9 |73-8 73-7) 06.5] 74 
| 75| 25:9]22:3 [74-9 |23:7|74:9123:9 [74-3[95:2 [74:7] 00:5| 75 
76| 76.001. 3 75.9 03.775.904. 075.8 75.7 [ob. 6 76 
77 77.001. 3 76.9 03.876.904. 076.8 76.7 06.7| 77 
| 78| 78.0]01.4 77.9|03.8|77.9]04.1|77.8 77.71 06.8 78 
79 79.001. 4 78.9 03.978.904. 1 78.8 78.7; 06.9] 79] 
8o! 80.0101. 4 79-91 93-9] 79-9] 04-2 79.8 79.7] 07.0| 80 
| Bi] 81.0 01.4 880.9 | 04.0| 80.9 04.2 | $0.8 80.7|07.1 81, 
82 $82.0]01.4 981.9 04.0 81.9C4.3 81.8 81.70%. 2 82 
$3] 83.0101. 5 982.9 4.182.904. 3 82.8 82.707.283 
| 8484. 0[or. 5 9183.9 04. 183.9 04.483. 83.707.384 
85 85.0 of. 5 0084.9 04.2 84.9 04.4 84.8 84.707.485 
86 86.001. 5 085.9 04.285.904. 585.8 85.70. 5 88 
87 87.0001. 5 86.9 04.3 86.9 04.6 86.8 86.707.687 
880 88.001. 5 87.904. 387.9 04.6 | $7.8 87.7] 07.7] 88 
| 8g $9.0 o1.6 88.9 | 04-4|88.9| 04.7 | 38.8 88.707.389 
90/90. of or. 6 89.9 | 94-4 $9.9] 04.7 | 89.8 89.7 |07.8| 90: 
91] 91.0|o1.6 90.9 | 04.5|90.9| 04.8 | 90.8 90.7 07.9 81 
| 92] 92-0 01. 6 291.904. 591.9 04.8 | 91.8 91.6 08.0 92 
| 93] 93.0101. 6 03-2 2.9 04. 692.9 04.9 | 92.8 92.6|08.1| 93 
| 94] 94.0] 01.6 03-3 [93.9 | 04-6] 93.9| 04.9 | 93.8 93.6 |o08.2| 94 
95] 95.0] o1.7 03-3 194.9 | 94-7|94-9|05.0 24.8 94.6108.3] 95 
9696.0 01.7 034 [95.9] 04.795.905. 0958 95.5 08.4 96 
97] 97.0] 01.7 03-4 196.9 04.8 96.9 05. 196.8 96.6 08.5 97 
98, 98.001. 7 03-4 [97.9] 04.897.905. 197.8 97.608.508 
99 99.001. 7 03.5 8.9 04.9 98.9 05.2 98. 8006.993.6 08.6 99, 
20100. [or. 2 03-5 [99.9] 04.9] 99.9|05.2 99-82. | 99.6'08.7 1122 
O Dep. Lat DeplLat |D*»! Lat |Dep| L. Dep Lat of 
EL Deg 74 Point 87 Deg. 86 Deg. 85 Deg. | — 
TY 5 
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EE Point 0 Deg.| 2 2 Point 2 Deg. 
| =|Lat |Dey Lat Dep =] Lat Dep| 
1e co. 101.0 [co. 1 01.0 01.0 oo. a 
. 2 | 02.0 02.0|00.2 ©2.0 02.0; 00,3 
3|03.c|00.3|03.0| 00.3] 03-0 03.0] 00.5 
4 | 04.0 | 00.4 | 04.0| 00.4 04.0 03.9 | 00.6 
5 | 05:0 09-5|£5-<[29:5 e 
606.0 oo. 6 ob. o. 00.6 05.9 05. 9 00.9 
70. | 00.7 |07.0] 00.7 06.9 06.9 01.1 
8 08.0 o8. l 00.8 07.9 07.9|01.3 
g | o. fo. 9 o. 9 O0. 9 08.9 08.9 01.4 
101 10.0]01,0]c9.9]O1.0 09.9 09.9 01.6 
11| 10.9 . 10.9101. 1 10.9 10.9 01.7 
1211.9 11.901. 3 11.9 11.9 01.9 12 
1312.9 12.901. 4 12.9 12.8 o. 0 13 
1413.9 13.9 2 13.8 13.8 O2. 21 14 
1514.9 14.9 01.6 14.8 14.8 oa. 3 
1615.9 115.961.7 15.8 15.8|02.5 
1716.9 16.9 01.8 16.8 16.8 02.7 
18| 17.9 17.9101.9 17.8 17.3 [02.8 
1918.9 01.918.902. o 18.8 18.8 [oz. o 
2019.9 02.0 19.92. 19.8 19.8 03.1 
2120.9 02. 120.902. 2 20.8 20.7 [03.3 
22|21.9|Cc2.2|21.9]02.3 21.8 21.7 03.4 
2322.9 02. 3122.9 02.4 22. 22.8 22.7 03.6 
2423.9 02.423.902. 5 23.7 23.7 03.8 
9 27123-7242 [229 
26|25,9]02.5}25.9|02.7 25.7 25.7 [04.1 
27|26.9]02,6|26.9 02.8 26.7 26,7 |04.2 
20|27.9 j02.7|27,8|02.9| 27. 27.7 27.704. 4 
2928.9 28.803.028. 28.7 28.6 04.5 
329.9 2.929.832 29.7 29.6 |94.7 
| 30.8 30.8] 03.2 30,7 30.604. 9 
31.8 31.8 03.3 31.7 31.6 05.1 
32.8 32.8[03.4 32.6 | 32,6 05.2 
33-8 33-$4©3.0 33-0 33.605. 4 
34-8 03.434.803. 34.6 34-6 105-5 
35.8103.5| 35.8] 03-8 35.6 35.6 |05.6 
36.5103.6136.8103.9 36.6 36.5 [05.8 
37-9 7137.8] 04.0 37.6 37.5 05.9 
3.8 838.804. 1 33.6 38. 5 06.1 
323224. 2. —2 39-5 [26-3 
40.8 [4.0 40. 8 og. 3 40.6 06.0 40.5 06. 4 
41.8 04. 1041.8 04.4 41.5 06.2 41.5 06.6 
42.8 42.804. 5 42.5 06.3 42.5 [06.7 
43.8 43.8] 04.6 43.506. 5 43.5 06.9 
44.8 44.8] 04.7 44.5 06.6 44.4 o. o 
45.8 4 5.71 94-8 455 o6.7| 45.4 |07.2 
46.8 46.7]04.0 46.5{06.9| 46.4 [07.3 
47.9 47.7 |©5.c 47.5|07.0] 47.4 [07.5 
4048.8 48. [ob. 48.5 [07.2 48.4 | 07.7 
2 (48:5 [28:9] 49:71 25: 49:5197-31 49:4 07:5 
Dep Far [DopfTor Dep [Lat [Dep Le 
22 Point. 84 Deg 74 Point 81 Deg 


816 ww lo „ vid | 


Of LaTiTuDx and DEPARTURE. 


57.7 


50.8 
51.7 
$2.7 
53.0 
54.7 
55.7 
$6.7 


58.7 
59 7 
60 7 
61.7 
62,7 
63-7 
64.7 
65 7 
67.7 
68 7 
69.7 
70.7 
71.7 
72.6 
73-0 
74:6 
75.6 
766 
77.6 
73.6 


Dep 


2 Point 
Lat Dep 
| 05.0 


66.7 | 


05.1 
05.2 
or 3 


Lat 


Dep 


77 Point 84 Deg. 


5153-4 | 


Li 


30.4 
514 
$52.4 


07.5 
07.6 


5+ 4 
$5-4 
56.4 


Dep 


2 Point \ 
Lic p Lat 


Dep 


| 
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> 
— — 


138 8 Din Þ w 5 -| YIG 


„ä ca w 
hos ot wu 


R De 


10 Deg. 11 Deg. 


1 Point 


Lat [Dep 


O0. 2 


09.4 
09.6 
09. 8 


LI 


7 Points 


12 Deg. 13 Deg. 


Lat 


Dep Lat 


O1. O 
O2. O 


02.9 


03.9 


24-9 
05.9 
06.8 
07.8 
08.8 
09.8 
10.8 
11.7 
12.7 
13.7 
14:7 
1 5. 6 
16.6 
17.6 
13.6 
19.6 
20.5 
21.5 
22.5 
23-5 
24-5 
25.4 
26.4 
27.4 
28.4 
29-3 


00.4 
00.6 
00.8 
01. 0 


01.2 
01.5 
01.7 
01.9 
02.1 
02.3 
02.5 
02,7 
©2.9 
03.1 


03.3 
(03.5 
03.7 
03.9 
04.2 
04.4 
©4.6 
04.8 
| 05.0 
0 5. 2 
05.4 
O5. 6 
05.8 
ob. o 
06.2 


06. 4 
06.7 
06.9 
07.1 
07:3 
07.5 
07.7 
07.9 
08.1 
o8.3 
08.5 
08.7 
o8.9 
09.1 


©9.6 


O00. 201.0 


01.9 
oa. 9 
03.9 
4-9 
oO5.8 
06.8 
07.8 
o8.8 
99-7 
10.7 
11.7 
12.7 
13.6 
14.6 


W-41[43-2 


= 


©0.2 
00.4 
00.7 
00.9 
O1.1 


01.3 
01.6 
01.8 
02.0 
02.2 


14 Deg 

Lat 

01. o 
01.9 
02.9 
03.9 
94-9 
o5.8 
06.8 


© cow G + w ad — vid 


10 


Of LaTiTuDE and DAR TUR E. 
| | S| 10 Deg.| 11 Deg. | 1 Point |12 Deg. 13 Deg. 
| 2 Lat | Dep | Lat | Dep | Lat Dep | La: |Dep| Lat Dep 
550.208.950. 1009.7 50 0 10.0 49.9 10.6149 7 [11.5 
5251.2 09.0 [51.0099 51.0 10.1 | 50.9 10.8] 50.7 [11.7 | 5o. 
| $3 [5Z+2[ 09.2 | $2O| 10.1 | 52.6] 10.3 [51.8] 11.0] 51-6119 |51.4 
{ 54 |*3-2] 09-4 | 53-0] 10-3 53.0 10.5 | 52.8| 11.2| $2-6|12.1 | 52.4 
| 55 154:2] 29:5 [54:0] 12:5 | 53-9 | 10.7 [53 8 1-4 |$3:6 [12 4 | $34 
| 56 [55-11 09.7]$50[ 10-7 | 5491 10.9|54.8[ 11.6] 54,6126 54.3 
1 57 [56-1] c. 9 56.0] 10.9 | 55 oi [55.8[ 11.8) 555 [12.8] 55.3 
| 58|57-I] 10.1] 56.9] 1.1 56.9 11.3 56.8 12.11 56.5 13.0 
$5|581]10.2 | 57.9] 11-3 | 57.9 5 |13.: 
6<159:2] 10-4 | S&9] 11:4 | 5B8[11-7 [58 7|12.5|585|13.5 58.2 
158.068.9116 19.8 11955727 5413.7 59. 
{ 62|61.1] 1o8[60.9|11.8 | 60.8] 12.1 | 60.6| 12. 
63062, 10.9 161.8] 12.0|61.8| 12.3 | 61.6 
| 54|$3-O| 11.1 [62.8] 12.2 |62.8| 12.5 | 62.6 


4. 6... a GS 


9290.6 16.0 90. 317.6 90.2179 9o [ige 89.6 20.7 
| 93]91.6] 16.1 91-3117-7 [g91.2|18.1 |g1.of1g.z3]co.6\20g 
| 94| 92.6 16.3 [92-3[17-9 [92.2 | 18.3 91.919.850 1.6 2 A 
|=[23.5]165]93-3]18-1 |93.2]185 [929] 19.7] 92.6 21.4 
90 194-5 |16.7 | 94-2] 18-3 942187 [93-0120 093.5121 6 
97195-5[16.8 |95.2] 18.5 | og.1 18.9 94 9 20.2 9451218 
17.p [96-2] 18-7 96.1 19.1 [959 20.4 95:5 [22.0 | 
19.2 97.2] 18.9 | 97.1 19.3 |96.8|20.6| 96.5 |22.3 
— 17.4 |$8.2] 19.1 98.119. 5 
& Lat | Dep| Lat Dep Lat | 
18 Deg. 79 Deg. [7 Points 178 Peg. 


— — 


264 


A Table of DIFFERENCE 


Our Point|15 Deg.ſiv Deg.|1 + Point|17 Deg.|18 Deg | O 
Lat [Dep Lat {Dep Lat [Dep Lat | Dep| Lat |Dep|Lat | Dep | Þ 
101.0 [00.2 |01.0|00.3|01.0|00.3 | 01.0 oo. 3 01. 0 oo. 301. ol 00.3 | 1 
201.9 eo. 5 oi. 9 oo. 5 or. 9 oO. 6 |01.9 oO. 601. 9 oO. 6 [o 1. 9 00.6 2 

3 | 02.9 oo. 7 | 02.9|00.8|02.9|00.8 o. 9 oo. 9. o:. 9 oo. 9 oa. 9 00.9 z 

4103.9 01.003.901. 0ſoz3. 8 [o. 1 03. 8 01. 203. 8 o. 2 03. 801. 2 4 

5 |<+-8 [62:2 |04:8[02-3|04.8101-4 [04.8 ee 25e 5 
6 05.8 91.5 of. 801.6005. 801.7 | 05.7 |01.7|05.7 |o01.8fo5.7]019] 6 
7 | 06.8 or. 7 | 06.8|01.8|06,7[01.9 | 06.7 Oo. O06. [oz. ob. 702.2 7 

| $ | 07.8 o. 9.7 oz. 107.7 [oz. 20%. 7 [oz. 307.6 oa. 30%. 602.5 8 
| 9 |08.7 [oz. 208.7 O2. 3408.7 [oz. 508. 6 O. 608.6 O. 608. 602.81 9 
10 | 09.7 [02.4 | 09.7 2.09.6 02.8 | 09.6 [02.9 09.6 02.9109.5103.1 | 10. 
11 | 10.7 [o. 710.6 O2. 8 10.6]03.0| 10.5 03. 2 10.503. 20 10. 503.4 11 
1211.6 [02.9 11.603. 111.5 [03.3 11.503. 511.503. 511.403.712 
1312.6 [03.2 12.603.412. 503.612.403. 812.403. 812.404.013 
1413.6 03.413.503 613.503.913.404. 113.404. 113.304.314 
Deere erte 
1615.5 03.9 15.504. 115.404.415. 304.615. 3 04.7 15. 2 04.916 
17 [16.5 04. 116.404. 416.3 [04.7 16. 304.9 16.305. 0 16.205.317 
18 17.5 04.417.404. 717.3 [ob. 017.2 [05.2 17.205. 3017. 105.6 18 
| 19 18.4 04.6 18.404.9 18.3 [05.2 18.2 05.518.205. 60 18.1005. 9 19 

20 |19-4|04.9 | 19.3]05-2|19.2[05.5|19-1105-8|19.1]05.8|19.0|06.2 | 20 
21|20.4|05.1 |20,3|05.4|20.2|05.8 [20.1 06. 1020. 1106. 10 20. 0.06. 521 
22 21.305. 321.205.721. 1 [06. 121. 106.421.006. 4 20.9 06.8 22 
23 22.305.622. 206.0022. 1006.3 22.0 06. 722.006.721.907. 1 23 
2423.3 05.8 23.206.223. 106.6 23.0 [0.0 22.90%. 0 22.8 0%½ 4 24 | 
2524.2 06.124. 1106. 5 24.006.923. 9 2323.97. 3[23. 8007.7 | 25 
2625.2 06.3 25. 106.72 5. 00. 224.90. 5 24.907. 624.7 08.0 26 
2726. 2 06.626. 10%. 026.007.425.807. 825.8 [07.9 25.708.327 
128 27.2 06.8 27.00%. 216.9 0%. 7 26.8 08. 1026.8 [08.2 26.608.728 
29 28.1.0 28.0 [07.5 27.9 [08.0 27.8 [08.4 27.708. 5 27. 609.0 29 | 
30 [29.10.3290 2. 8028.8 [08.3 28. [08.7 (28.7 [o8. 828. 5 09.3 30 
3130.10. 529.908.029. 5 [08.5 29.7 09.029.609. 129.509.631 
3231.00. 830.908. 3 30.8 [o8. 830.6 09.3] 30.609. 4 30.40 10.0 32 
3332.0 08.031.908. 531.709. 131.6 09.6 31.609.6 31.410.233 
3433.0 [08.3 32.8 08.832.509. 4 32.5 9.9 32.5 09.9 32.3010. 5 34 
8% 3428 
3634.9 08.7 | 34.8009. 334.6 09.9 34-4 | 10.4 34.4 (fo. 5 34.2 11.1 36 
3735.9 99.0 35-7|©9-0[35.610.2 35.410.735.410. 835.211.537 
38 36.9 09.2 36.709.836. 5 10.5 36.4 11.0 36.311. 1 36.111.738 
3937.8 09.5 | 37-7] 10.1[37.510.7 | 37-3 | 11-3] 37.3] 11.41 37.7]12.0| 39 
40 [38.8 09.7 | 38.6\10.4|38.5[11.0|38.3|11.6|38.3[11.7]38.0[12.4 | 40 
4139.8 10.0 | 39.5 10.6|39.4|11.3| 39.2 11.9 39.2|12.0| 39.00 12.7 41 

142 40. 7 10.2 [40.6[10.9]40.4[11.6|40.2|12.2|40.2|12.3] 39.9 13.0 42 
43 [41.7|10.4 41.6 11.1041.3 11.8 41.112.541. 112.6 40.9 13.3 43 
4442.7 10. 7 42. 5 11.442.312. 142.112.842. 10 12.941.813. 44 
35 [43:5 |10.9| 425.043.312.443. 13.1 43.00 13.142.8013.9 | 45 
4644.6 11.2 44.4 11.9] 44.2 [12,7 | 44.0 | 13:4 4.0 13.443. 7 14.2 | 46 
147 [45-6|11.4 |45.4|,12-2[45.2 [13.0 [45.0 |13-6| 44.9] 13.7 | 44.7] 14.5 | 47 
45 [46.6] 11.7 46.412.446. 113.245.913.945. 9 14.00 45.714.848 
4947.5 11.9 47.40 12.747.113. 5 46.9 14.2 46.9 14.3 46.6 15.1 49 
Fre 
S| Depi Lat Dep: Lat Depi Lat|Dep }Lat |Dep\Lat |Dep|Lat | 

= 5 Froint|75 Deg.|74 Deg [64 Point{73 Deg. 72 Deg. | — 


| 
| 
| 
| 


Of LATITUDE and DEPARTURE. 


i} Polar [25 Deg: 145 Deg; 
Lac \Dep |Lat 
4935 
50,4 


51,4 
52,4 
$3 
54,3 


5553 


56,3 


57.2 


58,2 
59,2 
60,1 
61,1 
62,1 


63,0 
64,0 
65,0 
66,0 
66,9 
67,9 


68,9| 17,3 


Dep 


69,8 
70,8 
71,8 
7247 


'64 Point 


Lat 
49,3 
50,2 
51,2 
52,2 


545 
55, 
56,0 


27 


[75 Deg. 7 


13,2 | 49,C 
13,5 50,” 


13,7 5 | 


14,0 | 515,9 
1442 22 
14,5 53.8 
14,8 | 5478 


18,0 55, 


1573 | 56, 
1,5 $73) 
i5,8 | 58,6 
16,0 | 59 
16,3 | 60,6 
16,6 61,5 


17,1 


Dep 
1451 
14,3 
14,0 
14,9 
15,2 
15.4 
15, 
16,0 
16,3 
16,5 
16, 


$9.4 


17, 
17,6 
17,9 
18,2 


18,5 


18,715 
2 | 19,0 


1933 
19,6 
19,8 
20, 


| 20,4 


20,7 
: 0,9 
2 1,2 


215 


2158 
22,0 


22,2 
«2:6 


12% 


23,1 
23:4 
27,7 


G | 24,0 
24,3 


24,385. 


247.8 


25,1. 


| 2544 | 


25,9 


26,2 


26,5 
26,7 


27,0 


2753 
27,6 


Lat 
Dee. 


Dep 


17 Point 
| Dep 


14,8 
15,1 
15,3 
15. 
16,0 


16,2 


16, : 


16,8 


I7,1 ]. 


17 
17,7 


18,0 |. 
18,3]: 
18.604 


18,9 


19,2 
1 9,4 
19,7 
20,0 
20,3 


20,6 


20, 9 


21,2 
21,5 
21,8 


22.1 


22.4 
22,6 
225,9 
23,2 
23,5 
23,8 | 
24,1 
24,4 
24,” 
25,0 
25,3 
25,5 


| 25,0 
| 26,1 


26,4 
26,7 
27,0 
27,3 
27,6 
27,9 
2 8,2 


28,4 


28,7 
29,0 


Lat 


67 Point! 


0 — 
9 + 


2 — ws = oh 
* o = 4 Sus — = 4" ** 5 
r 
7 
-. 


—— 2 


— 4 
o 


% 


A Table of DIFFERENCE 


sig Deg.|14 Point 20 Deg. [21 Deg. 22 Deg. |2 Points 
= Dep Lat | Dep Lat Dep Lat Dep 
8 3100. 9 oo. 3 00.9 00.4 00.9 ſoo. 00.4 
z 00.7 |01.9| 00-7 01.9 | 00.7 [01.9 ſoo. 00.8 
3 01.02. 8 01.9 02.8]01.1|02.8 01, 01.1 
4 01. 303.8 01.3 03-7 [01.4 [03.7 fot, 01.5 
Þ x 01.6] 04.7| 01.7 04.7 1804. ol. 01.9 
[6 02.0 05,6 02. 0 ob. 6 oz. 1005.6 Oz. 2.3 
67 02.3 06.6 02.4 06.502 506. 502.6 ob. 502. 7 
8 02.6] 07. 5 0247 07.5(02.9|07.4|03. 03.1 
9 02.9] 08.5; 03-0 08.4 | 03,2 [08.3] 03 03.4 
231 09-0] 234 29-3(23:2 [29:3] 23 2 
03.6 10.403. 7 10.3 03.9 70.2 04-2; 
03.9 11.3| 04-0 11.2 |04.3| 11.1 04.6 
04.2] 12.2| 04-4 12.2 | 04.7 | 12.1 05.0 
04.6] 13.2 | 04.7 13.1|05.0|13.0 05.4 
2] 15.1] 05.4 14.9\C5.7| 14.8 06.1 
05.5] 16.0|©5.7 15.9|106.1|15.8 06. 5 
05.916.906. 16.8 [06.4 16.7 06.9 
c6.2] 17.9] 06.4 17.7 (06.8 17.6 07.3 
06.5 18.8] 06.7 18.7 07.2 18.5 07.7 
06.8 19.8 07.1 19.6 97-5 19.5 o8.0 
07. 2 20.7 | 07.4 20.5 [07.9 | 20.4 08.4 
07.5 21.7| 07.7 21.5 |08.2|21.3 o8.8 
07.8] 22.61 08.1 22.4 08.6 22.3 09.2 
08.5 24.5 08.8 24.3 09.3 | 24-1 09.9 
08.8][25.4|09.1 25.2 09.7 |25.0 10. 2 
09.1] 26.4 | 09.4 26.110.026. o 10.7 
09.4] 27.3] 09.8 27.1\ 10.4 | 26.9 11.1 
09. 828.2 10.1 28.0 10.8 27.8 11.5 
10. 129.2 | 10.4 28.9 11.128.7 11.9 
430.10 10.8 29.9 11.5 29.7 12.3 
10.7 31.1J(11.1 30.811.830. 6 12.6 
11.1] 32.011. 5 31.7 12.2 31.5 13.0 
22-01 23-01.52-2 32:7 [22:5 [32:5 13-4 
11.7| 33.9| 12.1 33-0 |12.9 | 33.4 13.8 
12.0 34.812. 5 345 13.3 34.3 14.2 
12.4] 35.8| 12.8 35-5|13-6|35.2 14.5 
12.7 36.7 13.1 36.4 14.0 36.2 14.9 
232 23:5 23 22 15:3 
13.3 38.6| 13.8 38.314.738. o 9115.7 
13-7] 39.5 14.1 39-2 |15.1|3$.9 8116.1 
14.0 40˙5 [14.5 40.1 15.4 39.9 39.716. 5 
14.3 41.4 | 14.8 41.1|15.8|40.8 5.7 116.8 
14.7 42.4 | 15.2 42.0|16.1|41.7 17.2 
15.0 43.3 15.5 42.9 16.5 42.7 17.6 
41 15.3] 44.2|15.8 43.9 16.8 43.6 18.0 
4415.6 45.2 | 16.2 44.8| 17.2 |44.5] 18. 18.4 
16.0 46.116. 5 45.7 17.645.418. 18.8 
47-3] 16.3] 47.11 16.8 46.7| 17-9 |46.4| 18. 19.1 
Lat Dep! Lat Dep Lat Dp Lat Lat | 
[71 Deg | 6! Point 69 Deg. 68 Deg.|6 Points 


5 ls a. 


— — 


* 


14 Point 


20 Deg. 


Dep 


17,8 
18,1 
1*,5 


18,8 


19,2 


619,5 


19,8 
20, 2 
—5 
20,9 
21,2 
21,5 
21,9 


22,2 


22,6 
22,9 


2353 
23,0 


23,0 


2473 
24, 6 
25,0 


2573 
25,6 


[T7544 


21 Deg. 


48,5 
49,5 
50,4 
525,3 
532 
5471 
5571 
56,0 


56,9 


Lat Dep 
47,6 


18,3 


18, 6 


19,0 
19,4 
1997 
20,1 


20,4 
20,8 


21,1 


21,5 


21,9 
22,2 
22,6 
22,9 
233 


2377 
24,0 
24,4 
2457 


2551 


Of LATITUDE and DEPARTURE. 


— — — 


Lat 


473 
48,2 
49,1 
50,1 
51,0 


Dep Lat [Bey 


19,17.1 
19,548. 0 
19,9049 · 0 
20, 2 
20, 6 


21,0 
52,8 | 21,4 
21,7 
22,1 

6|22,5 


22,8 
23,2 
23, 6 

24,0 
243] 
24,7 
25,1 
25,5 
25,8 
26,2 


50.8 


31+7 
52.7 
53.6 
54+5 
$54 
56.4 
57-3 
58.2 
$9.1 
60.1 
61.0 
61.9 
162.8 
63.7 
64.7 


„8 26,6 
27.0 
2733 


6 5.6 
66. 5 

67.4 
277 


68. + 


26,0 
204 
26,7 


27,4 


Dep | 124 


. | 64 Poin! 


27,0 


27,7 


28,0 


28,4 
28,7 


29,1 


29,4 
29,8 
30, 1 
30,4 
30,8 


31,1 
31,5 
31,8 
2247 


35.3295 


32,8 
3 392 


4 33»5 


3359 


719422 | 3422 


Lat Dep | Lat 


28,5 70.2 
28,871.1 
29,2 72.1 
29,673. 0 
30,0 

30,3 
30,7 
31,1 
31,5 
31,8 
32,2 
32,0 
33,0 
3373 
$3-4| 337 


5441 


74.8 
75˙8 
76.7 
77-6 


79+5 
$0.4 
81.3 
82.2 
83.2 


84.1 
8 5. 0 
$5.9 
$6.8 
87.8 


89.6 
99.5 
95 


49-9 


267 
22 Deg. |2 Points Points 2 


23.2 


E 


88.7 


92.4 223 


Dep Lat 
6 Points 


352 
35⁵6 


j 36,0 


36,4 


3751 
37˙5 
137-9 


36,7 


Lat Dep = 


19,5 
19,9 
20,3 
20.7 
21,0 


ST 
52 


55 


5 . 


"Y . 
n CR. 
„ 


A Table of Dire * * * NCE 


101 


Q|23 Dcg | 24 Deg. 25 g [24 Point 26 Deg. | 27 Deg. ] © 
_ Dep Lat | Vep Lat Dey | Lit D-p| Lat , Dep|Lat | Dep| = 
"1 oog 00.4 | 00.9 [00.4 oo. 00.4 | 00.9 00.4 00.9 [00 4 [00.9 |oo.g] 1 
201.8 00.8]01.8[008 fol. 8 O0. 8 01.8 009 01.8 | oo.g ol. B | oo.g} 2 
302.801.202. 7 [01.2 [02.7 ol. 3 of. 7 01.3 [oz. 7013 [0 27 [org] 3z| 
43.701.603 601.6 03 601.7 03.6 01.7 [oz. [ons [03.6 ol 4 
I 5 04 6| 02.0] 04 .o [24:5 | 02-1104.5| 02.1104. 5] 02.2 [04.5|02.3] 5 
6 O5. 5 02.3! 05.5 | 02.4 [05 4 | 02.5 | 05-4 02.6 | 05.4 | 02.6 [053 |o2.7] G 
q [06.4 | 02.7] 06 4 | 02.8 06.3 |03.0]06.3| 03.0] 5.3] 03 1 [062 | 63 ; 7 
g [07-4 | 03 1] 07.3 [03 3 {07-2 |C3.4|O7.2|03 4]07-2| 03.5 [97.1 [oz'l g 
| 9 o8.3|03-5] o 203.7 og. 203.808 1003808. 1003.9 [o. 0 o. 9 
2 2 e J 44 | og 5 
11 | 10.1 | 04-3] 10.0[04.5 10.0 | 04.6 09.9 | 04.7 | 09-9 | 94.8 09.8| os. o 11 
12 11.004.711. 0 049 10.9 [ob. 1 10.8 og. 1 10. 8 05.3 10.7 O5 41 12 
13 1205.101906 311.8 05.5 11.8 05.617 05.7 11.8 05.13 
1412.9 05.50 12-8 [05.7 [12.7 [05.9 12.7 06. o 12.605. 112.5 06.4] 14 
eee 
16 14-7 | 06.2] 14-6105 5 14-5 [06.8 14.5, 06.8144 06.9 | 14-3| 07.3] 16 
17 15.606.615 5 [06.9 15.40.2154 0.315 3| 07.5 | 15-1 | 07,9 17] 
18 16.6 07.0 16.407.316 307.6 16.3|07.7 16.2] 079160 o8 218 
19 17-5] 07-4| 17.4 [07.7 17.2 [08.0 17.2 08. 117.10 o8.3 [16.9 08.6] 19 
20 18.07.8183 [08.1 18.1 05.5 18.1 08.618. 08.8 12.5 O0 1] 20 
21 19.3] 082 19.2 [08.5 19.008.919. o 9018.9 092187 08521 
22 20.308.620. 8g 19.9 92 19.9 09.4 19.8 09 619.6 10.0 22 
23| 21.2 09.0]210]09.4 20.4 | 09.7 20 8 [09.8] 20.7] lo.1 [20.5] 10.4] 23 
24 22.109.441, o 621.8 10.121. 10.3 21.6 10.5 214109 
eee eee 11.0]223] 11.3] 25 
26 23.-9]10.2|23-8[10.6|23.6|11.0| 23.5|11.11234| 11.4 [23-2] 11.8] 26 
27. 24-9] 10.5124-7[110|24-5|11.4|244|11.5|24-3| 11.8|[241| 123] 27| 
23 258|10.9]125.6|11.4 [25-4] 11.8| 25.3 12.0 25•2 123279 12.7] 28 
29 26.7]11.3|26.5|11.8|26.3]12.3]26.2|12.4|26.1| 12.7 25.861320 29} 
30 27.6 | 11.7 27-4 12.2 27-2 12.727 112.8 270 132 26.7 136 30 
31 28.5 12.128.326 28.113.128 0 13.312790 13.6127. iq.1] 31 
32 29.5 12.5 29.2 13.029.0 13.528 913.7288640 28 5145 32 
$3 | 394 12.9|30-1]13.4 [29.9 | 13.9 29.8014. 29.7 14.5 2941015 O 33] 
34 31-3|13-3]31-1113.8| 30.8] 14-4| 30.7145 306149 393 15.4 | 34 
35 | 3313-7 [320|14.3 [31:7 [14-8] e u 15.3 [312] 15-9| 35 
36 33-1 | 14-1| 32-9|14.6|32-6| 15.2 | 32-5| 15.4 | 32.415.632 116.3 36 
| 37 | 34-1] 14-5| 33-8[15.0|33-5[15.6| 33-4|15.8| 33-3| 16.2 |33-©| 16.8] 37 
38 35-0|14.8[34-7]15.5|34 416.1] 34-4 16.2| 34.2-| 16.7 [33.9] 17 3] 38 
39 35-9] 15-2|35.6|15.9| 35-3] 16.5| 35-3] 16.7] 35-1| 17.1 34-7] 17.7] 39 
40 38.8 15-61 36.5116.3 | 36.3] 16.9] 36-2] 17.1 36.0|17.5 35.6] 18.2 40 
437.716.037.516.) 37 217.3 37-1] 17.5] 36.8 18 036.5186 41 
42 38.7 16.4 | 38-4 [17.1 | 38.117.738 0] 18.0] 37.7 18-4 | 37,4] 19.1 | 42 
43 39.616.839 317.5 39.018.238 918 438.6189 38.319.843 
44 40.5 17.2 40.2 17.9 39.9 18.6 39.8 18.8] 39.5 19.339,20 20.01 44 
D r 
46 42.3 18.0 42.0 18.7 41.7 | 19.4 41.6 19.7 41.3 20.2 41 of 20.9 46 
4743/3 18.442.915. 1 42.6 19.9 42.50 20 10 42.2 20.6 41.9 21.3 47 
48 44.218 843.819.843. 5 20.3 43-4| 20.5 43.1 [21.0 | 42.8] 21.8] 48 
49 45-1]19.2 [44.8] 19.9| 444 20.7 | 44 3] 20.9 44-0 [21.5 [43-7]222| 49 
$9 | 460]19 $145-71203[ 45 3[21-1 | 452] 21:4] 46-9/21.9 [44:6 32-7 | 50 
S Dep Lat Dep|Lar Dep|Lat | Dep' Lat Dep|Lar |Dep|Lar & 
2 67 Deg.|66 Deg. 65 Deg. 53 Point 64 Deg. [63 Deg. | Þ 
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26 
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Lat | Dep Lat ep 
22.4 | $5-4 [23-2 
22.8 | 46.3 [23.6 
2,2 4.2 [a 4. 
23.7 48.12 4.5 
24-1 | 49-0]25.0 
24.5 | 49-91}25-4 
25,0 50. 25.9 


21 Point 
Lat | Dep 
46.1 21.8 
47.0 22.2 
47-9 | 22-7 
48.8 | 23-1 
49:7 [23:5 
50.6 23.9 
151.54 2444 


2 4 Neg. 
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00, 50 00,9 o0, 5 00,9 00,5 | 00,9 oo, 5 
oo, 9 01,7 |01,0|01,7 | 01,0|01,7 |01,0 
01,402, 601,5 o2, 601,502, 601, 5 
01,9 oz, 501, 903,502,003, 42 
o2, 4 04,4 02,4 194-3 02,5 | 04,3|02,6 
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02,8] 05,2 02,905, 03,0571 03,1 
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04,2| 07,9 | 04,4 [07,8 | 0445 | 077 04.6 


09,7 
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07,1 ſoz, 8 07,0|039 06,9 BY 06, 964, 1 
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06,6 12,2 | 06,8|12,1 | 07,0| 12,0 07,2 
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14,1 
15,0 
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07,5 14, 007, 813,9 8,0 13,708, 2 
o8, 0 14,908, 214,7 08,5 | 14,608, 7 
o8,5| 15,708, 7 15,6 09,015, 409,3 
og, o] 16,6 09, 2 16,5 09, 5 16,3 09,8 
09,9 13,4 | 10, 18,210, 18,0 10, 8 
10,4 19,210,719, 111,0 18,911, 3 
10,8 20,1] 11,119,911,5 19,7 11,8 
11,321, 0 11,620, 8 12, o 20, 6 12,3 
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09,0 (oz, 4 
06,9 o4, 1 8 
07,7 04,0 9 


15,6 28,9 16,0 28,6 16,528, 3 17.0 
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33 Deg. 


—— — 


Lat 
oO. 8 
01.7 
02 5 
0344 
04.2 


Dep 
00.5 
91.1 
01.6 
02.2 
02.9 


03-3. 
03.8 
04-4 
04 5 
95-4 
05.0 
06. 5 
07. 


Lat | Dep 


O1.7 
02.5 
03.3 
04.2 
05 O 
05.8 
05.6 
07.5 
OB. 3 
09.1 
10.0 
10.8 
11.6 
12.5 


13.3 
141 
15.0 
15.8 
16 6 
17.5 
18.3 


20.0 
20.8 
21.6 
22.4 
23-3 
24-1 
24-9 
258 
26.6 
27.4 
283 


29-9 


= 


19.1 


29.1 


3 Ports 


23.3 
239 
2.444 
25.0 
25.6 
26.1 


26.7 


27.2 
27.8 
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_Poits | 34 Deg. 35 Deg. 


Lat Dep Lat ,Dcp 


00.8 006 8 8 
016 01.1, 01.6 
O2.5 ond O2.5 
03 3 2 ©3.3 
04 1 02.8. 04.1 
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| Of LArrrup and DePARTuRtE. 273 | 
S | 52 Deg|33 Deg. | 3 Leinte 34 Deg 35 Deg. 36 Deg. © 
E — Lat | Dep|Lat \Dep| Lat Depſ Lat Dep| Lat ;Dep| v 
51 | 43.2 27. 0042. 827.842.428.342. 328.5 41.8 29.3 41.330,00 51 
52 44.127.603. 28.3 43.2 28.943.129. 142.6 29.8 42.1 30.6 52 

53449 28.14·528.9 |44.1129.4|43-9/29.6|43.4 30.442. 31.2 334 
5445.8 28.0|45.3| 29.4 44.9 30.044. 8030.2 44.2 31.0 43.7 | 31.7 54 
$5 | 46:5129-1146-1] 39-0 [45-7 | 30-6145: 45:2 31:5]44:5|32:3]* 55 
56 47.529.747. 45-9 32-1þ45-3| 32-9} 56 
57 | 48.3| 30.2.8 46.7 32.7[46.1|33-5| 57 
58 49.2 30.748. 6 47-5 33-3]46.9( 34-1] 58 
59 80.0 31.3]49.5 43.3 33-8]47.7| 34-7] 59 
© | £2] EET 49-2 34-4|48-5 [35:3] 8 
61 | $1.7 |32.3)51.2 59.0 35.0149-3|35-9| 52 
62 52.6. 32.8052. 50.8 35.6] 50.2 | 36.4 > 
63 | 53-4 | 33-4|52.8 51.6 36.1} 51.0|37.0| 63 
( 64 543 33-9153-7 52.4 36.7 51.8 37.6 64 
| 55 | 55-1 | 36-4]54-5 36-3|53-2 37:3|$2:6|38-2| 65 
66 | 56.035.005 5. 4 54-1 37-9] 53-4 38.8] 66 
67 | 56.8] 35.5]56.2 54.9 38.4 54-2 |39-4| 67 
| 68 $77 36.0057. o 55-7, 39-0| 55-0 40. 0 68 
6g | 58.5 36.657. 9 56.5 39.6 55.8 (40.6 69 
22 225 $7:3 2 Le. 400 70 
71 60. 237.6059. 5 58.2 40.7 57.441.771 
7261.1 38. 2060.4 59.0 41.3 58.2 42.3] 72 
73 61.938.706 1.2 59·8 41.9 59.1 42.9 73 
| 74 62.8 | 39.2|62.1 20.0; 06.4 59.9 [43-5] 74 
| 75 | 03:9 |39-7]62-9 01-4: A [44-1] 75 
76 | 64.440. 3068.7 62.3\43.6|61.5 44.7 76 
77 65.3 40. 8064.6 63.1 44.2 62.3 45.3 77 
7866.1 41. 3065.4 63.9 44.7 63.1 45.80 78 
279 67.041.966. 3 64.7 45.3 63.9 46.4] 79 
80 67.8 42.4671 65.5|45-9|64.7 42.0 80 
Lx | 68.7 |42.9|67.9 366.4 46.5 65. 5 47.6 81 
2269.5 43.458. 45.9 67.2 47.0 66.3 48.2 82 
| $3 | 70.4 44.0069. 6 468.0 47.667. 148.80 83 
| 84 | 71.2 44.570. 5 68.8|48.2168.0 |49.4 84 
85 221 48-921-3 69.6 48.8 68.8 50.0 88 
8672.9 45˙6ʃ72.1 70.5 49. 3 69.6 50.5 86 
| 87 | 73-8146.1173.0 71.3 49-9|70.4 [51.1] 87 
| 38 | 174.6[46.6|73.8 72.1 50.5|71.2|51.7] 88 
| 39 | 75-5|47-2174-6 72.9 |51.0|72.0 | 52.3] 89 
go | 76.3147-7175-5 73-7 81.6 2.8 |52.9] 90| 
91 | 77.2 |48.2|76.3 74.5 52.2173.6 53-5} 97 
| 92 | 78.0|48.7[77.2 75-4 | $2.8 [74.4 [54-1] 92 
9378.9 49.3078. 0 76.2 53.3752 |54-7] 93 
| 94 | 79-7 |49-8[78.8 77.0 53-9176.0|55.3] 94] 
| 95 E 50.3/79-7 2 $6-5[76-9 [55:8] 95 
96 81.4 50.9080. 5 78.6 55. 177.7 | 56.4 96 
97 82.3 51.48 1.4 79.5 55.678.557. 97 
98 383.1 51.982.2 80.3 56.2 79.3 57.6} 98 
99 84.0 52.508 3. o 81.1 56.8 50.2 58.2 99 
222 | 34-3} £20839 br.g 8 
BS | Dep! Lat Dep | Dep; Lat Deo Lat 
E 58 Deg. 57 Deg. Points |:6 Deg.|5c Deg. 154 Dep =P 
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$91 36 ; 27 45 95 841 22 24] 510][ 21837 
38] 70 32] 51 8601 cx] 30 33] 524 231138 
39] _45| 37] 56] o7 5 421 532] 244|x9 
40 | 7650 |7942 |8262 | 8614 |g.o5 [9445 | 9,5: 82 11235 40 | 
41] 54] 48] 67] 20] 12] 53] 59] 552| 27041 
42 $9 $31 73] 26| 18 61 69] 564] 284 42 
e 32] 25| „ 78 575| 297143 
44] $8] 63] 84] 38] 32 77] 7} 586] 310|44 
45] 73 | 68] go 44] 39] 35] gogs| 597 324 | 45 
46] 78 | 73] 95] 51] 46| ssi, 803] 337 | 46 
| 47] 3] 78|8301] $57 | 53 [ogot [ioorg] Gig] 331 47 
48) 87 | 83] o7| 63] 6&6 | og 10024] 630] 365 | 48 
Pj | | | &| 67 moozz| Gil 378149 
50 | 7697 |7994 [8318 | 8676 | g074 5575 [10043 [10652 | 11392 | 36 
$117702 99 24 82 81 | 3310og2| 663 406 | 51 
52 ©6 [804 | 29| 88| 88 | 4110001 674| 420 | 52 
| 33] 11 99] eee 685] 434 33 
$4 16 14 | 41 | 850l [9103 $7 jicoBo| 696] 448 34 
55] 21] 20] 47] 07 10] G5ioo8g] 708 46255 
56] 25 25] 52] 14| 17 23/0999] 719] 476 56 
$7] 30 10 38 20 | 24] Bijiow8| 730] 49057 
58 35| 35| 64 26 31 89 [0118] 942] 504 | 58 
een obliomy|. 8 518 59 
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TABLES. 


of the SUN's 


DECLINATION, 


A N D 
Latitude and Longitude of Places, 
| irn 


A 17 ABLE of the Magnitudes, 
Right Aſeenſions and Declinations 
of ſome of the Principal 


FIXED STARS; 


ALSO, 


'& Tanks | 


= OF THE | 10 
Sun? 8 Right Aſcenſion, &c. = 
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A Table of the Sun's Declination. 


1761, 1765, 1769, 1773, 1777. 
FP * 
= | "South | South South North North] North | 
D MB MID M| MD M|D M| 
122 5916 570% 2404 44| 15 14|22 09 
| 2|22 54|16 400% 105 o7|is 3222 17 
3122 4816 2206 3805 3115 5022 24 
422 4216 0406 1405 5416 o7]22 31 
522 35 %% 1/06 17 16 24422 38 
6122 27 15 27 O5 2866 39 16 4122 44 
7122 1915 08 o5 5 [o/ 0216 5822 50 | 
822 1114 4904 41 [o 247 14/22 550 
9122 0314 3004 18807 4617 3023 oo 8 
1021 5414 1103 54408 0817 45/232 05 
21 4513 5203 30% 08 3018 % 23 og, 


11 

1221 3813 3203 06o8 52118 1623 13 
113121 2513 1202 4209 14/18 31/23 17 
1421 1512 51/02 1909 3518 45023 20 
1521 0512 3001 5509 579 o0]1 23-22 |. 
1620 54|12 0901 3210 1819 1423 24 

1720 4211 480 0810 3919 27 23 26 
f 1820 2911 27/00 4411 019 4023 27 
1920 1611 ooo 2111 21119 5323 28 


20 20 0210 43 Nor. o2 11 4120 0623 29 
21 19 48 10 2200 2612 O2 20 1823 29 
12219 3410 0000 5012 22 | 20 3023 29 


"£34 19 .. 20] 99 3801 1412 42|20 41|23 28 
24119 o51og 1601 37113 220 5223 27 
| 25 |13 50 o8 5402 112 2121 oz3|23 25 
26| 18 35 08 31]o2 24|13 4021 14|23 23 
27 118, 2008 0902 4814 021 2423 21 


2818 04j07 4603 1114 1921 3423 18 
2917 48 03 35 4 3821 4323 15 
30117 31[  [o3 58/4 5621 82/23 1 
| 3117 14 04 21} 1 or | 1 
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A Table of the Sun's Declination. \ 
[ 
Firſt after Leap-Year, | 4 


| Sept. | Oftob. | Nov. | Decem | 
North | North | North | South | South | South 

D MD MID MID MD MDD M 
23 077 $8105 ogſoz 23114 32/1 55 
23 031% 43197 4703 464 5622 4 
22 5917 27107 25104 915 1522 13 | 
22 5417 111097 0304 3215 3422 21 
22 481 5515 41 [og 85 222 29 


22 42|16 3806 1905 1816 1022 36 
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— 
E. 
S 
_ 
< 
0 
= 
— 


\O ow Sa 1 „ 


10 22 14 15 29184 47 06 49117 19 23 oo | 


Iv 

O 
WI 

O 

N. 
5 

N 

IO 


2419 5011 ooo 38811 5720 4223 27 ; 
2519 3710 3901 or]iz 1820 5423 25 1 
26|19 2410 18]01 2512 38 21 og|23 23 | 
2719 1009 5701 4812 5921 16[23 20 of 
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| A Table of the Sun's Declination. 
Second aſter Leap-Year, 


| 1762, 1766, 1770, 1774, 1778. 


t Jan, | Feb. March April | May { June 
| | South South | South | North | North 

' jD MID MD MD MD MID Ji 
23 0217 107 2804 3915 0922 06 
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Second after Leap-Year, 


ä 


A Table of the Sun's Dedication 


1762, 1766, 1770, 1774, 778. 


Y — —— ä—ä—. —ẽ— — 


- July Auguſt | Sept. | Octob. | Nov. | Decem 
Ss | N North | North | North | South | South | South 
1D MID MID M[D MID MD M 
1} 23 og{|18 108 1403 16 [14 32 2 85 
223 0417 46107 52103 39 [14 51022 02 
322 597 3007 3004 oz3ii5 1022 11 
1422 5417 14497 o8[og 2615 2922 19 
— 22 196 58106 4504 49 „ 422 27 
6 22 436 4205 2405 1216 og|22 34 
722 3716 2506 oo, 35016 2322 41 
8 22 3016 o8[o5 38]og 58116 41/22 47 | 
922 23|15 5105 16106 2116 5822 53 
222 1615 334 306 44 2 1522 59 
1122 0815 1604 30% o7li7 3223 os 
1222 014 58804 o7]o7 3017 4823 og 
1321 5114 4003 440% 5318 0423 13 
1421 4214 2103 2108 15j1i8 2023 16 
1521 3314 oz|oz 58008 37118 3523 10 
1021 2313 43]02 35 [o 59 is 5023 22 
1721 1313 2402 1109 21019 o 23 24 
1821 0313 oo 4709 4319 20023 26 
1920 5212 45 [o 2410 0519 3423 27 | 
220 4112 28 [1 110 27219 4823 28 
21620 2912 og5|oo 3810 4820 0123 29 | 
22 20 17|11 45100 14{11 0920 14|23 29 
2320 og|11 25 Sou 911 3020 27|23. 28 
24] 19 5311 ogfoo 3211 5120 39|23 27 
2519 4010 44]00 5612 1220 51/23 23 25 
26|19 27 10 23 19 12 33 21 02 23 23 
2719 1410 o2 [01 4312 53/21 1323 21 
2819 oog 4102 0613 13 [21 2423 18 
2918 4609 20002 2913 3321 3423 14 
130 [8 3t jos 58102 5213 5321 4423 10 
3118 1608 26 14 13 3 1 
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Third after Leap-Vear, 
1763, 1767, 1771, 1775, 1779. 


_—_ —— 


| A Table of the Sun's Declination. 


19... 


Jan {| Feb. | March | April | May | June 
South | South | South | North | North | North 
1D. M1D -MJ}D- MjD MD MjD---M 
123 o2|17 5 [O7 3404 33|15 o5|22 04 
222 57 16 48107 11;04 5615 2322 12 
322 5116 3106 480 19 %% 22 20 
422 45 16 1306 25] 05: 42 359 26 
F 22 38 15 5506 0206 og|16 1622 35 
5 22 51115 360 3906 28116 3322 47 
222 2315 18105 1606 5116 50 22 47 
| 8 22 1814 5904 520% 1317 o6|22 53 
922 n ole 290% 35 17 2222 58 
. ine e,, e O03 - 
11 21 8014 003 42/08 2017 5423 7 
12 21 4013 40103 1808 428 0923 11 
13,21 3013 20 [O2 55 og 44S 2423 14 
1421 1913 02 3109 2518 38 23 17 
1821 0812 40 ½ [%% 4718 $3123 20 
16 20 5712 1901 4310 c8|19 0% 23 23 
47 ; 20-45 1141-58101: nl 201 19. 2 
48 20 33% 3700 5610 Fo 19. 31 23 27 
19 20 2011 1600 3311 119 4623 28 
2 2 27 4 9921 3x1 '9 59123 29 
2119 5410 32 Nor. 1411 52120 12123 29 
28 19 4010 10 o 3812 12 20 2423 29 
23 19 260% 480% 02/2 3220 30,23 28 
1.2419 1209 260 262 5220 4/23 27 
25 18 5800 o4h01 513 1220 5823 26 
3 26118 43 08 42 O02 1313 31121. 0 23 24 
27 18 2708 20 [oz 3713 5021 1923 22 
2818 110% 5703 014 0921 2923 20 
2917 55 , 103. nn 28121-20123 47 
39 |17 39 03 4714 47|21 48|23 13 
$7137.22 O04 10 | "27 56 | | 
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Third after Leap-Year, 
1763, 1767, 1771, 1775, 1779- 


A Table of the Sun's Declination: 


July | Auguſt | Sept. Octob. | Nov. | Decem. 
! 7 | North | North | North | South | South | South 
I. M. D. M. D. M. D. M. D. M. D. M. 
1123 918 og|o8 20 [03 1014 2721 51 

223 057 500% 58103 344 47 22 O 

323 117 34% 3603 575 06 22 og: 
14122 5617 18] 07 13 jog 2015 25] 22 17 

5 22 5% oa eis gr jos 441-15 431 22 25 
{6 22 45] 16 4606 2905 016 122 32 
7122 3916 2906 % [os 3016 19 22 39 
822 3216 1205 4405 5316 37 22 46 
| 9 22 25] 15 55 105 2206 16116 54] 22 52 
10 22 18815 38804 5906 3917 1122 58 
111 |22- 10l 15 20104 36-107 0217 2823 oz 
1222 oz| 15 o2 [O4 130% 257 4423 os 

1321 5314 4403 500 4818 023 12 

1421 4414 2603 27 [08 1018 1623 16 

15 21 3514 07103 0408 3218 32 23 19 

1621 26613 4802 40 [08 5418 4723 22 

17 |21 16 13 2902 17 [09 1619 O2 23 24 

1821 0513 1001 5309 3819 1623 26 

1920 5412 5001 3010 019 3023 28 

20120 4312 3001 710 2219 4423 29 

2120 32 12 10000 44/0 439 5823 29 

2220 2011 5100 2011 0420 1123 29 
2320 o8]11 30 Sou. 03 [11 2520 2423 28 
2419 5611 ogſoo 2611 4620 3623 27 

2519 43]10 42 gojllz 220 4823 26 

26 19 3010 28 [0 1312 2820 5923 24 

2719 17/10 o7 [ol 37 [12 4921 1023 22 

28 [19 oz3]09g 4602 013 921 21|23 19 
12918 49]09 2502 23113 2921 31} 23 164 

3018 3509 0402 4613 4921 41/23 12 
131 [18 2008 42 [14 08 23 8 


| 
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i A Table of the Sun's Declination. 


| 


—__C__ 


| Leap-Year, 


1764, 1768, 1772, 1776, 1780. : 


4d 


VO 0 ol + w 1 


Feb. | March April | May June 
South | South North 
D MID MID MID MD M 
o o/ 1604 5015 1922 10 
16 52106 53005 131115 3722 18 
16 3506 3005 3615 540/22 25 
16 1706 o/ [os 5916 11022 32 
is 590 4406 22116 2822 39 


— 
wh 
* 
O 
Wa 
* 
O 
ON 
+ 
1 
— 
a 
* 
11 


52 31113 46021 16023 23 


31103 25 02 54114 o 21 2623 20 


15108 203 1714 2421 3623 
59 % 39 03 44 4321 4523 


2 „„ — — — 


[ 297 ] 


Leap-Vear, 
1764, 1768, 1772, 1770, 1780. 


July | Auguſt | Sept. | Octob. | Nov. | Decem 
North | North | North | South EN 

D. M. D. M. D. M. D. M. D. M. D. M. 
23 0717 53108 o3ſo3 2814 4221 58 
23 02017 380% 41/03 52 15 022 o7 
22 5717 220% 1904 15 | ig 20 22 15 
22 5217 0606 5704 3815 3922 23 
22 4 16 50 06 35 os 0115 57 22 31 


| s4eq 


wc 


. 
— N 


22 3416 1605 5005 4716 3322 45 
22 27115 5905 27106 1016 5022 51 


88 


5 
8 


. ern wn 


1122 04/15 b 18% 19|17 40|23 ob 
11221 $5] 14 48 eB 2.1 boi and oe 56] 23 10 
1321 46]14 3o0fo3 32|08 418 1223 14 
14021 3714 11103 0908 2618 2823 18 
115 [21 2813 53 [02 4608 4818 4323 21 
1621 1813 3402 2309 1018 5823 23 
11721 0813 15 ſ[o2 ooo 3219 1323 25 
11820 5712 55101 3609 54% 2723 27 
1920 4612 3601 1310 1619 4123 28 
120120 35012 1600 49 10 3819 54123 29 
2120 24/1 5600 2610 59 20 0% 23 29 


12319 59 15 Sou. 2111 4120 3223 28 


12519 3310 33]0 1 0812 2320 5623 24 
12619 2010 12801 3112 44/21 823 22 
12719 609 5101 55113 421 1923 20 
12 18 5209 3002 5 t3 302 27 
129018 3809 og ſo 41 | 
3018 23]08 4703 0514 o4 |21 49|23 og 
| 31 18 0808 25 I4 23 123 04 | 


SY Table of the Sun's Declination: | 


22 4016 3306 12|o5 2416 15|22 38 


22 2015 4205 406 337 % 22 56 
11022 12 24104 4106 5612 2423 ol 


12220 1201 35 [oo o2[11 20 20 20023 29 


12419 4610 5400 4402 02 20 4423 26 


E 


the Longitude 
LONDON. 


News When the Latitude and Longitude of an hand 
is given, the middle of the Iſland is meant, except 
| Jome FAT) Parts 1 it be expreſſed. 


OT Co GG SOM GO Pe Oo Gs OO 


| A TABLE of the Latitudes and Langitodis 

of the Principal Harbours, Headlands and 
{ Iſlands in the WorLD : Corrected by the 
| lateſt and beſt Obſervations : Accounting 


from the Meridian of 


| Latitude | Longitude 
N. or S. E. or W. 
Places Names. —— ——— 
| : D. | M. D "I. - 
C BEN a ne 55 50 | 1-44 WV 
Newcaftle — — 55 10 | i 30 
Stocttunniä 54 33 [1 25 
1 Head — 4 8 | © wn 
Spurn — — 45 3 
| Yarmouth =—— 52 45 1 40 E 
2 Or Lo — 2 15 1 12 KE 
| <= — „e -0 
E, | North Foreland — —\5T 28 Z 1 20 E 
ky | South Foreland 51 1 3 1 20 E 
7 | Beachy — 50 48 | o 25 E 
él;, | 
18 an — — 20 2 | 
| vo Topſham : 30 3783 25 = 
5 Start Point — $0. 9 1:3 45% | 
1: Lizard ———|49 55 | 5 14 
I Land s- end —— ——— 50 6 65 0 8. 
St. Mary's Scillyh —— 49 57 | 6 45 2 
| Hartland Point —— — 51 4 358 
| Lundy Iſle = —— 20 | 4 40 
Foe ox — I-44 7.5 . 00 
5 
| U Briſtol D 


A Table of Latitude and Longitude. 
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Places Names. 


at ent; *** —__ 


The Sea Coaſts about the 


The Coaſt of 


The Coaſt of Scotland. 


cage, - 


Hands of IJceland 


E gland. 


« | Weſtmania Iſles 


St. David's Sad ano 
\ Barſe 7. — 
1 Head 


2 De pool — — 


I Man 97 End — 


H i ti haven — — 


(Carliſle — 


| North part of Sky Iſland 
N. part ef firs Illand 
St. Kilda w — — 


— 


Fair Iſle — 8 
Shetland South Point. 


: | Buchaneſs r 


Aberdeen 


| | Dundee. 


L Edinburgh 


| berman's Rock mn——_ 


Gamart Iſles or Gille — 


Rock Point eons comes 
Snow Hill 
Fair Foreland—— 


| Marza or Laren 


—— — 


A 


Lange Neſs mn 
| Scilly or Papey e ae 
| Horn 54a ——-—— 

Merchants Forelandl 
L Portland — —_— 


= 


Farra Head moms wma | 


4 N.ermoſt Iſles of Orkney 


{Grimes Hole, or Geu- ! | 


Grimſa 1. 


, 


D. 


Latitude 
N. or 8. 


. 


E 
E. or W. 


M. P. M. 


| ST 
52 
53 
53 
33 


54 


5 


552 05 22 
468 04 
235 04 
20 2 
4395 28 
20 . 03 
45 02 


53 194 8 | 


50 Jos 35 


5 


ae, * 2 — 
—ñ 6 
22 * = 
— 
- 


4 
Þ 
4 
5 
* 
4 
== 
oh 
1171 
q þ 
70 
N \ 


n F 


= _ * r 
— 2 — or = penn 


222 
LE 2 


% 


&- ew n—_— a 


300 A Table of Latitude and Longitude. 
| 558 | 
by Latitude Longitude; 
Places Names. N. or S. E. or W. 
D. II. D. M. 
b [Dullin — 12 }o6 56 | 
| Wexford ——z1z. 107 25 } 
1 Waterford . 107 48 
[-- Old Head A 51 35 208 55 2 
13 | Cork 51 49% 09 30S 
Dy F Cape Clear 51 10510 30 | 
Co and Col 51 2210 368 
8 Limrick — — 52 9 48. 
wy | Galway —|53 10&|10 038 
— Sline- head —_ 7 
2 | Londonderry — 8 54 55 jo8 oo | 
Belfaft -—|54 36 » 40 
| | Scat — 26 110 10 
'E Helighland — | $4 28: jo6 35 
I Manbrough ————|53 41 [10 24 
8 4 
E | Embden —— — 53 O05 08 50 
S 5 | The Fly —————|53 188 [05 35> 
SF tr —— 0 oo" 
= E * Amfterdum 52 2104 595 
Q 8 2 
XY | Rotterdam — cy 55 ei 255 
8 4 The Brill. ———--—| cr e ein 
6 b . Jo $7] 
v “ 
} * L Calais — 50 57 jo2 o 
5 1 
E 2 ———— 45 01 38m 
S Dip —— —[49 558 O o6=| 
| * 8 Cape de —— — 49 463.02 obs 
| by Cuſtets — — ——149' oro 26: | 
ES | Guernſty ————==—{49 368.|02 40 
32 Morlaix commence 48 37 2 03 50% 
2 = | Iſle Bajs . — 40 oor o o E 
— (6% t — — — 48 30 E 96 = 
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A Table of Latitude and Longitude. 
Latitude | Longitud 
Places Names. | N. or S. E. 5 W. 
b. M. b. M. 
78797 — — * 24 16 ö 
| Penmark — ja 48 :; dy oF : 
| | Bell-Ifle — 47 20 03 . 
j0Z 10 
— Nantz — — | A 
g : 47-14  Jor  4® 
S 1 nd Dieu — — 46 36 | + > HS © | 
S * of ga 146 13 lot S 
Q ochel 4d 102 ot As 
1 Oleroon 6 003 | 09 * 5 | 
# | Bourdeaux — | 44 507 00 28 ns 
8 Bilboa — 43 30 E 0 Y 
8 ö Cape — 43 61 . — 00 
0 Cape Ortegal 02 Elos a$E 
8 | Cape Finiterre- in 5 I 8 * 
= Port a Port - — 0 8 . 7 
| Surlings - — . 1 1 
2 | Rock of Liſbon — „ = = 
_ oy 5 38 42 |o8 53 
ape St. Vincont 37 oo |o8 52 
2 — 12 85 — 
: Cape Trefaigar e 36 10 o5 48 
« (Gibralt nie. 2 
S . | Malo thr me un 19 
_ = -& | Cape 4 Gat —— 2 2 
8 8 36 38 [o2 oi 
= Cape Paul —— 37 50 20 5 | 
=>. Alicant EY 38 4 2 wc 8. 
2200 3 „ 
2 1 4 9 — 36 462 oo 28 t 
| SS 22 2 4 = I yy > 
5 arſeilles ——— . E | 
| S 2 Tell — 3 * 5 1 8 
* 2 | Genoa — — #3 8 22 599. 
© © | Leghorn—— 8 0 » ” = . 
— Ci vita Pechia — 42 10 12 Xe FE 
- J 


0 


1 


A Table of Latitude and Longitude, 


Places Names, 


The Sea Coaſts on the Main Continent within the Straits, 


C (r — rr 6. 


: f Ronny - — 


E 220 —— 


| Cairo 


| Bona ——— - 


— rðr — 


ö Naples — — 
| Cape Spartavants 
| Cape Collnue — — 
Gallipoli 
Cape St. Maria = 


Aach, na 


| hin 
C. Matapan 
E St. Angelo 


Cape Colina 
Athens 


Dy — 


A Cape Martelo S. P. of 
3 Negropont — 


Cape Monte Santo 
| Gallipoli | 
Con om 
Smnyrne — —2 
Epbeſi 45 — 
| * 
| Scandaroon 
Antiochia 
Tri poli 
| Joppa — 


— 


Alexandrina 
Cape R. ˙t en——_ 


— — — 


Cape 3 6 —— 
= | Tri poli 


Cate Bona 


| 
Latitude t | 
N. or 8. E. or W. 
— 1 
| D. M D. M. | 
41 54 |12. 45 
40 51 [14 45 
38 00 [16 58 
38 56 is 06 
40 08 [|18 39 
139. $6. j19 860 
143 40 [14 30 
„ - 112 20-.-.; 
42 40 20 oo 
—— x 5% 21 04 | 
38 20 [22 15 
. 
5: 3: 123 @- | 
37 49,,124 44, 
36 00 A 24 0g & * 
38 005 25 450 
8 3 
140 25325 05. 
40 30827 208 
41 OO 29 o 
% 
e 
39. 1 3 
130 34 35 os | 
36 E 
3+ 40 36 10 
3 32. 00 
30 05 34 20 
FF 
32-3 127 08 
[3228 1.216 233 
32 5s 13 oo 
37-05 1 0 
37 0 {07 20 
| Tunis 
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I | — — 
Latitude Longitude 
Places Names. N. or S. E. or W 
| DU. M. 1D: N. 
2.5 Tunis — oi 16 
ES 14... 4135 we o3 157 
ti Oran — — 35 462 1 Oo 265 
1 EE Cape de Tres . 35 34 © 92 04 _f 
[aS S [| Tetuan — 35 28 2 o 06 2 
$55 [nn — — 35 50 & 04 45 2 
Jos Targier 5 eee 3 
— ty6. ov. lo2 270 
| Formentura — 38 34 — | 
1 ica — 38 55 [oi 30 
| (| Majorca City — 139 48 02 49 
| Port Mahon Minorca —— 40 42 04 19 
| Gallitta 37 40 [09 o 
FE | Sardinia South End ——|38 54 0 12 
E Corſica North Enc —_ 56209 45 
& | Gorgon — — 43 343 0 38 
15 | Capri — 4 6 3110 157 
! 2 I — 42 44 © 10 45 = 
2 Meſſina . — 38 12 2 16 25 
2 \ Palermo — 38 12813 482 
ih Maritimo 38 04512 25 
o | Syracuſe — 0 5 35 
EZ | Cape Paſſero ——— — 36 3B |i5 4o* 
| = 1 Mala —————/35 54 |14 34 
i | Limoſa | — — 36 08 13 11 
| Zimpadeſa — 35 34 |12 46 
I Sematto — 35 4 1146: I5- 
| | Corfu —— 39 45 20 66 
| Cephalonia 38 15 [21 oo 
Zant . _ 47 | 14 
| Madon or Mora — 36 52 [21 32 
| | Lemme: — 39 59 25 37 
| Scio — 20 [26 12 
* | | | Negro 


2. 
> * Fad, 
Je oe 5 2 
. 


FU „ * — 2 - 4 KY * 


* 
N 
4 
4 
1 
7 
But 
| * 
*- . 1 
N 
„ 
fs * 
[3 
g 
. 
1 
a 
* 
Fl o 
1 
i 
>» 
» 
£ 
—_ 
* 
77 
+ Wo 
* 
+ 
* 
b v 
* 
5 
27 0 
' 
* 
* 
1 
19 
ro 
_T 
fe 17 
= 
* 1 
2 
21 
i 
14. 
* ; 
14 
. 
8 
+ 


= — „ r. 
mn = _ - ET,» = .-z* 2 ” 
- — 495 
- — 
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— 


| 
. Latitude a 
Places Names. N. or S. E. or W. 
: . . . 
UV Negropont — — 138 6 2 95 | 
= Cane be John W. End 3 2 ; l N 
= : | of Candy— — — 3 57 | 
.= X J Cape Solomon, E. End ad 5 
= £ / Candy = Fj 00551 =7 obs. 
2 : -_ To 
2 Rhodes City —————|36 40828 oOo 
2 Weſt End of Cyprus ——| 35 04 & 32 23 5 
(Ee. End of Cyprus =—|35 35 |35 08* 
Cape Spartel ——— 35 46 [95 55 
Salle 33 43 06 30 
| Cape Cantin — — 32 26 o 10 
Cape de Geer ————|3o 24 10 cb 
| Cape Non ————|28 15 |11 04 
[I Cape Bajador ————|26 12 14 30 
8 I Cape Olerado —1 1 4 3 50 5 
Cape Blanco [20 35 17 2355 
| 2 Senegal = 115 28 2 16 20 8˙C 
I Capede nen ee 
& < River Gambia ——- 13 o8” |15 205 
DB 14 Serralion — — bos 368012 155 
D | Cope Monte — — 06 23 8.10 45 | 
= |} Miſerads —————|ob 55 . 00 35 
© g 532 þ.-..Þ 
2 | River Sefter . OS 28 OB | 13 
[I Cape Palmas ————|04 18 [og 56 | 
© | River St. Andrew ——|o5 og 403 45 
& | Jaque Jaque— 004 16 02 45 
= 1201 ſoz 20 | 
| Cape Three Point. o 28 [or 21 
| River Volto emmannmm — 5 50 83 20 fr 
I Riper For moſa— o OO o/ 40 
I Cape Formoſa 04 22 1o6 408 
New Callabar — 0 42 |o8 330 
| Ol Callabar ——— 04 18 10 457 
9 5 | 
g | River 
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| 
Latitude 
Places Names. N. or 8. 
ff. 
1 Saſmons Rider 3 10 N 
© | Rewer Comarones 3 25N 
| E River de Angra —— ——\| © 40 N 
Ss | | pd Cabo 0 40 
.. | 7 1 
O'S | River Congo 53 
=D | Angola ———- 1 4 
© Cape Negro 16 88 
9 Cape St. Thomas ———|24 10 f 
— Secos 28 56 8 
I Cape Bona Eſperance —|34 6 
119 842 
S 1 4 — —— 28 32 8% 
2 000. ĩ˙ © AP | 
= JPig ————— 8 40 
EI St. George — 38 52 8. 
2 Tercerg —————|3 577 
S St. Michael — | 38 ob 8 
1 
. { Ferro — —— | 2 oO 
3 | Palma ⁊y . — 28 40 2 
2 |} Gomero — 28 08 * 
S | Teneriff 28 20 8 
2 J Madera Weſt- end ——| 32 23 f 
= | Porto Sancbo — — 3 3M 'þ uy 
S {| Canaria — 127 52 
38 PForteventura — _—_ 22 4 
( Lancereta — 


REY] 


Longitude 
E. or W. 
D. M. 
10 8 
10 10 
40 7 
11 38 
9 392 
15 25 
15 569 
12 3109. 
14 438 
15 568 
18 35 | 
JO: --IS S 
30 $54 
28 16 8 
27 20 
26 032 
25 345 
23 36S 
23 38* 
7.00. 
7 SY 
17 ob 
16 280 
17 260. 
IS 548 
15 105 
13 34 
12 44 
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— _— EE o . 23 * * Ae 
8 — 3 . N 1 
— —— ———— ¶ ͤ fZPͤ— — — — 2 ————— > — wt ins i 


3 22 


— +4 moe oa - * 
FE ²:j dy. 


„. 


. Tas rar nts 


—— 


$ 


* 
4 
4 * 
- + 
by F d 
1 » : 
#4 8 
0 
i 1 
71 
* : 
* ug 
» 4 4 
FS... 3 % 
9% . 
* 
44 
*, , 
f in > | 
* 5 4 
G . 
2 177 
4 ? 4 
"id 0 
4 "2 
1% 
i y 
N eV 4 
1 
7 . 
b *4 7 
| ; . 
1 d 
pl 
47. 1 
f AHI 4 
*y 
. - t 
g . 11 j 
. 
4 A 0 
ul i 
x N 
— ' 
X25 
# 4 
* 
5 Fad g 
| 17 
- [3 7 
bs 4 . , 
* 4 
4. 2 
9 _ - . 
8 4 + a 
* 4 . 
: . 
( , 
. + A 
+ * « 7 
1 * 
1 . 
Ws 7 * 
: * 
1 2 
8 # 
5 
* , " 
. 
* 4 
4 
+ % 5 
Tis 
*, a 
'I+ ſe 
« "25 
„ * N 
6. 
+ 
27 
77 
CY 
N 
1 
1-40 
1 
=_ 
* 4 * 
Fo. & 
. E 
„N. * 
0 q | 
„ 1 
fp + 
4 
7 4 
* 1 
. 
+ & 
” 4 
* A 
CH * g 
K o 
. bs. 
1 ew 
o . 14 
SQ . 
"7 i? 
Ll 
g 4 ' 
* 4 
' u 9 
9 1 : 
1 * * 
1 
ol CH 
„ 55 
. 1 
1 
"= A 
; ne 
a by, 
. 
3 R aA 
' 1 
4 
I 4 
4 . 
. 0 2 
* 
7 
. , 
19 
* 
q 
| 
4 . 
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A Table of Latitude and Longitude, 


Cape de Verde Iſlands. 


Coaſts of the Main Con- 


— ©. 
— OG 


Southern 1 5 


e in _ e eee 


— 


| Latitude 
Places Names. N. or . 
D. MM. 
- St. Antonio — — I | 
| | St. Vincent — 15 + 
St. Luci222L erenrnnee 1 07 £ 
| St. Nic hola 17 o 8. 
} Brava — — 14 28 i 
) Furgo =—— ——|14 528 
Jago —— — 15 8? 
— 11 
* Sal — — 16 45 
onaviſla — — 16 og 
( St. Matthews —————loz: 30 8 
| Afcenfion omg nn 97 — 8 
St. Helena 106 oo 8 
J Fernandeps —.oN 
| Princes's Iſland on 50 N 
St. Thomas — 00 0. 
Annabena 73 O02 10 8 
- Cape Bong erance 
- * Lagullas 4 + pa 
River St. Lucia 28 25 
Cape Corientes - mn—— 4 5 
T Mhifembigue ——_—_—_ 15 05 5. 
S|7 on Falſo — 09. 02 © 
ougon — 0 2. 
4 Maombaſz — ä — 5 8 
1 Aielinde —— 03 00 © 
| River Lamas OT 20 
River de Tags” oo oo 
MAagadoxo ——— loz 21N 
| Cape Baſſos ——— 04 10N 
| Cape Gardafoy „ 11 50 N 
Caf Ryfulgat emmnruns | th 41 N 
Cape an, or mew — 23 36 N 


1 


Longitude 
E. or W. 
D. M. 
: 
24 40 
24 26 
24 20S 
23 382 
23 $45] 
23 30g 
22 50. 
22 128 
Q. 
22 04® 
22 05 
ob6 11W| 
13 45W 
ob OA 
10 40 E 
09. 15 E 
o8 20 E 
05 35 E 


„ 
I 20-1. 
32 15m 
36 15 
41 10 4 
39 108 
92 
38 30 
39 40? 
149 13 
42 5 
44 50 
47 38 
3 0 
59 45 
57 40 
Buſſera 


A Table of Latitude and Longitude, 


as 


Places Names, 


The Coaſts of the Main Continent in the Eafl-Indies. 


Iſlands in the 


| Latte | 1 | 


0. 


| Gambaroon ——— 
Surrat nn — 
| Goa. 


| Gans — — 


Calecute — — 


| Cochin—— 


Cape Comarine 
| Columba in Zeloan 
I Fort St. 2 

| Dew Point — 


Viſegapatam 


| Pondy — 


4 Cape 1 Fo: PRE 
| Ballaſore — ä (v— 


0 


| Pipl H —— 


I Beng 86 —— —— ay 
1 Cape Negrais 
| Malacca — 
Formoſa —— —, 
Siam Entrunce ——— 
| Cambodia Entrance 


| Cochin, or Chinchen 
I Cantom 
Amoy or 22 


95 ——— 


—— Moe 


Cape Avarilla 1. 


I and Gin 


1 or 1 Faſt | 
St* Lawrence JN. Eaſt 
St. John de Liſbon — 
Mayetta — —— 


* Ines. 


Mobi lla . 
XK 2 


—— 


38 A Table of Latitude and Longitude. 
Places Names | Latitude | Longitude 
| 5 N. or S. E. or W. 
3 Ga 3 3 D. M. P. — 
Comero —— 6 | 
| S?. Juan de Nove - the 2 4 
| Mauritius 5 : a | IS VI 
| Diegornes ——— 4 = 85 55 
Remiras de Caſte f7 29 = I 65 35 
Amſterdam 5 38 cob 7 16 
|, Brandon——— 4 2 
Diego Gratioſa = 
1 Puabella 2 ö = my 68 25 
3 Baſſos de Chagos | ” 8 = 88 39 
| — | | Yas ae Diego Roys « 90 10 72 * 
V 1 Maldivia (8.8 3 07 15 73 og 
| = [Maligue 5 45 . 7 | 15 
[ bSaccatra . — b 9 * 
2 4 b Roe 74 21 8. 54 2 
SIC. Gallo in Zeloa . 3 $3 03S 
8 a o6 r 8 S 
2 . 8 85 * * 385 | 
I Andaman the middle - „ 
E | | "76 middle 12 OF 93 19 85 
_ Sumatra NW. End : 78 93 45 
| Yirkins Iland 2 94 F 
Naſſau Iland— : 95.97 
Bencola 3 34 99 32 
Sumatra SE. End 3 8 ] 104 O8 
Engano = 5 22 105 14 
Selam 2 50 8 ow 53 
Princes 1 and TEMES, 1 2 13 
[= * 2 "4p 104 02 
Batavia * 6 * 2. 105 55 
E. JTS 3 1 106 37 
. Rt 
- - 10g 3 
| \anco S. End - — 3 25 106 57 


Bornes 


| 


W— 
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ns Ns Re 177 7 0 
2 | Latitude | Longitude 
Places Names, N. or S. E. or W. 
2. M. D. M. 
5 Berne 8. . 4 04 9112 52 
I Bandy Hes: — 4 558127 17 
1 Celebes 5 South End 5 402119 07 
8 I North End — 1 4o (121 0 
E Mindano W. Point 6 40 | 119 35 
5 2 Borneo N. Point n 
| 1 — 13 30 2120 10M 
[ee I N. E. Point — 18 558119 452 
2 PEE Ws V. Point — 19 303. 107 6% 
. 9 E. Point 19 55 109 56 8 
1 * Point 22 008. 119 568 
= Ja) N. Point 25 328 | 120 45 
8 | 8 
S I Piſcadore Iſſes——— 23 308118 35 
5 Wz _— * n | £21 15 
| | ome — 140 38 
5 U ** - . Point 35 0-1 128 30 
( Cape St. Sebaſtian ——|42 45 | 127 55 
; | Cape St. Lucas ———|23 20Z * 46 
5 Cape Corientes ee 408110 30 
I Aguapulco — co” 10 18 
& > « | Aquatuley —————|15 27 F T0 3 
Sg. & | Guatimala ——— 14 25 8 on 
8 5 | 5 97 
Q SV Panama | 8 5$0&| 81 * 
WV A a Ms — 3 18 8 78 ob 8 
838 4 Iſlands of Gallopega ——| 0 o | go 108. 
2 S 1 Cape del Huge — 2 3 50 f. 
8 8&8 | Lima ——— 12 308 77 20 
|= © & | 4rica ———— 18 175| 73 10 
4188 D La Sarena ——— 29 00*] 90. 32. 
F | {and Fuan Fernando—|33 20 8.] 85 48 
| aldivia — — 358 | $3 20 
| Port Stevens ——/{49 $0? | 82 26 
1 Cape Victory 52 05 83 10 
Pe Horn — $57.34 1-79 $$ 


2 n 21 
Fc | 4s 
2 — ; - _— — — 
> — — ͤ— — — — 
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A Table of Latitude e 


—_— 
7 


The Coaſt of the Main Con- 


C. of Brazil in S. America from Cafe 
Horn to Cape . 


tinent in the eee 


; Latitude 
Places Names. N. or 9S. 
ws 
(Magellan E. Entrance 52 oo 
River Julian 48 40 
| Cape Blanco near River) 1 
Camarones — ) * 
Buenos Ayres R. Plata — 35 40 
| Www Grand = — 3 
St. Catherines — 28 08 
Cape F. io — — 22 35 
Spirito Sando — 20 10 3 
P. Segura -— — 16 325 
| Bay Todos Sanctos- [12 50 
River St. Franciſco — 10 45 
Cape St. Auguſtine 1 
Cape Roque — —— 5 o 
| Tr:i/tian de Cunha [37 5 
( Trinidada — 20 30 
River A Entrancel © © 
| North Coe 8 
Suranam — 6 25 
Oronoque — tn 2 
C. Coguipaco 12 480 
| Carthagena — — [10 28% 
X Scots Settlement 8 30 — 
Nicar ague Entrance 41 25 
Cape Cacoche — 21 102 
Cami hechn — 19 TJ 
La Vera rn 19 10 
(Cape Florida —= 24 58 


* 


| | 


Longitude 
E. or W. 
OD 
[75 10 
74 32 
1 
58 os 
51 $02 
42 263 
42 O88. 
40 30 f 
40 309 
37 46 
[35 18 - 
135 42 
13 20 
30 S0 | 
49 20 
49. - 25-4 
55 35 
59 25 
790 40 — 
75 208 
* 458. 
4 38 
86 15 8 
92 5 
27 35 


— 
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TT I | Latitude | Lon: onzitude 
| N. or S. E. or W. 
Places Names. —— 
D. M. D. M. 
Tnidada | 10 34 60 25 
Fa ne ts] 11 10 69 10 
Granada 11 57 60 20 
Barbadies— — 12 58 58 TS 
| St. Vincent ——— ——|13 10 |60 10 
| St. Lucia — 7 jo 07 
| 1 Martinico — 14 . 45 160 55 
Dominico — 15 25 27 
| Marigalante ——[t$. 58: 160 20 
| Guardalupe — * 10 ft 15 
© Monſerat ——— ————|1 45 62 15 
E 2 — 1 8 61 44 = 
4 Nevis ——— ———|17 3.62 32> 
8 St. Chriflophers ——— 17 20 62 38 — 
= 4 Barbuda ——_ cy 0 45 
"= | St. Bartholomew 17 548 62 . 
© |} St. Martin is--$ 402-9 K. 
— Anguilla — [18 16 62 15* 
. ö Virgins = — — 18 28 63 25 
IS,. Cruz — — „ ‚ 163-204 -Þ| 
Biegue TIT — 18 8 . 
Pore Rico St. John's 18 31 65 30 | 
St. Domingo Hi ban. — 18 25 69 30 
Port Royal Famaica — 17 40 76 33 
Eaſt End of Cuba — 20 20 74 5 
| Havana —— 22 40 82 50 
Bay Hondy — 22 45 383 40 
. St. Antonia a3 0 -- IS 42 
(Bermudas —— 32 25 263 40 
I Bahama Bank N. point 27 50 5 78 = 
= ] Bahama [flands 26 45 8 79 68 
Abacco S. point — 26 ootf|77 ono: 
8 ö Harbour Iſiand — 2 25 40 f. 76 45% 
2 Andros N. point | 25 158179 08 
RQ Providence 25 0” 197. 15 #1 
f X 4 I- 


— þ 
- 20", > - — — Kr. * 
— . 1 — — 
AD nm —w + 
GA 2 2 brats 1 — = 4 
> 
—— — 1 


— 


— 
—— 


— — De — 27 
— pg e —ů—ů— — 
* an 2 * 112 = 1 - = = — 447 > "4 
— \ dat fant = — — 3 — 5 


he Coalt of Carolina, 


Virginia, Mary- 


312 A Table of Latitude and Longitude. 
Latitude 2 7 
Places Names. N. or S. E. or W 
B. M. D. IXI. 
Mikes S. po 24 30 |75 52 
Cat Iiand © —— 4 5.0. 
| ating Ifand— — 24 7 |74 40 
Rum Key ——————|23 45 74 55 
Exuma - 23 25 275 57 
K | Crooked Iſle N. pt + 22 585'|74 10 2 | 
J | Athins Key —— 122 10 8.74 052| 
= Morapervouz —|21 57-174 40 
A 4 Attooods Key — — 22 59 8.73 308 
5 } French Keys — — 2 402 173. 35. 
> e ace — JJ 1 5 
Q Hog ftyes aw 6 EY 1 73 50 bo 
Hyneago W. End 120 57 732 20 
Caicos Bank N. point — 21 40 71 55 
| Turks Iſand— gr 35. 199 $ 
| AbrolhoN. point —— 21 40 669 10 
U Plate Rack w—— 20 10 |68 20 
* c Charles Town uþon Ahbly R. 37 Og” 78 50 
Cape Hatteras - — 35 15 74 20 
ST Cape Henry — || 7 o 75 30 
= | Cape Charles — —|37 14 74 15 | 
A | Cape Hinlopen ——— —| 39 54 74 55 = 
S | Long Ifland | 40 50 2 72 40 | 
— New York « 4 585 73 53 
3 Cape Cod = — — 142 12 68 558 
, ——————|42 308 69 23% 
= SV | Cape Sable = — 43 50 8 be 588. 
SS and Sable — 44 2059 5 
] Cape Britain - 14 10” 25 | 
7 8 | Duebeck 47 oo -|69 50 
22 Bay of Breſt ——— 52 10 56 37 
8 | eng Wand — — Es 
SE 3 Cape 


0 „ 
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| Latitude 
Places Names. N. or E. 
. 
F. S [Cape St. Fohn —— 50 19 
|-S & . | Cape Bonaviſia — [49 12 
SA Trinity Bay — 48 472 
SE ] Conception Bay ——— 48 135 
EY 8 , St. John's Harbour — 48 oo?” 
SE =o \ Bay of Bulls ————|47 50 C 
EU | Cape Race 46 40 8 
'S O8 Cape St. Mary 47 108. 
8 SSI Placentia 47 47” 
0 | Cape Roy » — . 
1 Buttons Iſle — 60 25 
E 2 2 — — 62 — 
S C. Walſingham ——|62 35 
— | Mansfield Ie —— Il 42 
3 | C. Jones — — 55 32 
> | Ruperts River — 51 268 
Q | Albany River ——— ——|52 32 I 
I The Cubbs — 5 
D. JC. Henrietta Maria 55 58. 
ED Port Nelſon 57 52 
DV | C. Churchill — 59 oF 
8 C. Southampton —————|61 57 
=! 1 Shark Pont ——— 64 27 
Nottingham Iſle — 163 38 
Auen Ann's Foreland — 63 42 
— 1 Reſolution Iſie —|6T 55 
* TU Cape Farewell = 159 40 


Longitude 
8. or W. 


9 


* 
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| Latitude Longitude| 
Places Names. N. or 8. E. r W. 1 
D. D. Mt 
Sund RU! —E— 22 24 33 
Bargazar Point 66 20 16 35 
Whales Back . 27 420 35 
5 Merchants Foreland —— 63 25 [17 5 
| = ; | Halliford ——| 04 20 36 45 - 
8 Fair Foreland ——— —|66 10 26 25 
8 Grims Ifland mw ———— 67 15 22 35 
< Heſimania Iſles — ———|63 35 |22 50 
2 1 0 Iſles — — 5 8 3 0: 
6 | Beerenberg, or John |, „„ 
2 Mayns Iſles 2 f £9 3+. 09 | 
2 Point Loo unt xx 76 30 15 35 
= | Horn Sound- 76 o 113 40 
1 Fair Foreland 79 1 10 50 
S IAHacluits Headland 79 55 ZII o 
N | Helies Send —— 78 33 8 21 455 
= | Lees Foreland — . 2 T3 25D 
> 4 Whales Head ———|77 18% |21 30 a 
py Hope Iſland — 76 18 2 3 458 
= | Cherry or Bear Iſle 74 35 8118 58. 
= | Admiralty Iſland 1 
I Fretum Burrough- 59 5 j61 20 
8 Cape ert „ 
I | Catſnoſe ——|65 43 35 14 
S | Archangel-bar — 64 30 40 30 
8 | Croſs — 5 31 36 33 
ws | Stucetnoſe =——=—|68 8 34 42 
I Kildan — — 69 30 31 20 
EE North Cape ——=————|7i 25 23 2 
85 | Surrey —_— 74 3 118 40 
3 Tromſound —— — 70 20 16 © 
I Leefort SW. point = 68 15 9 45 
Dronten 63 40 [10 40 
Stadland 162 10 4 
North. bergen —— 90 10 5 -:40 
Naze of Norway 57 . 


A Table of Latitude and Longitude. 313 
5 | Latitude t 
Places Names. N. or S. E. or W. 
[D. M. 5 M. 
Maerden — 58 19 58 
Lartwick ——- ——|53 54 | 9 20 
Chriftiana - 59 40 9 55 
Maeſteriand — 157 58 1 45 
8 Gottenberg — — 57 43 [12 15 
NN Elf ur — 56 20 112 42 
2 Copenhagen — — 55 44 12 45 | 
S | Valfterborn — — 8 12-55 
e. ÿ ꝛö —ʃð. 55 40 E16 40 
= | Stockholm — — [59 205|19 25#| 
— | Whyburg = bo 55 2/29 260 
2 Peterſburg bo oO 30 20 8. 
3 Narbe kꝛpvaæx 159 08 5-128 448. 
| | 2 | Revel —— — ——|59 20 8 24 55 
(üöͤ ͤ— — 9 14.9 
Deruinda — 57 10 122 10 
EX { Conningſberg —|54 40 20 40 
GS Dantzick ——|54 22 18 40 
8 MWiſbuy iu Getland- 97.37 -: 18 40 
OO 1 Bornholm — 553 17 118. $3 
2 Straelſound — — 4 25 13 20 
I Lubeck — — 54 5 [IT 5 
I Anout, or Anholt —— 56 42 1 18 
Leſow —————57 6 f 4 
I. Lea —- w——. oo 0 
| 
Z A 4 
ö 1 


— —— 3 —— 2 
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F eee 
i A TABLE Eof the Sur's Right Aſcenſion. | 


| 
— | [ ö > _ 
SS Jan. Feb. March | April | May June 
— GE — FANG 2 
* H. M. H. NI. I M. H. M. H. M. H. M. 
— | — — | 
118 50021 02[22 510 0 4162 364 28 
2 [18 54/21 622 540 48 2 40 4 42 
1 18 58 21 1022 5800 5112 44| 4 40 
4149 221 14/23 02 Oo 55 2 48 4 50 
39 721 163 500 392 5 4 54 
6 119 1121 22123 9312 35 4 58 
| 19 1621 2623 13 1 62 5905 2 
5 19 201 30% t6]t 10 3 35 6 
19 9 24121 3423 20 JC 
10 s 2921 38023 24 1 17 3 10 5 15 
11419 33021 42123 28 1 21 | ES! 
12 [ig 3821 4623 311 25| 3 18 TY 
"3 1*9- 451%" J03*3 351 4-201 3 287 $ 27; | 
14 119 4621 54123 39|1 33] 3 26 Ff 32 | 
15 j'9 $1127 $8123 42|1. 36] 3 30/5 361 
169 55/22 02123 46 1 40 3 345 40 
17 [20 022 523 500 1 443 38 5 44 
18 20 4/22 923 53 1 47 3 42 5 481 
19 20 8 22 1323 3311 513 40. S - $28 
20 20 12122 176 11 54 3 50 5 56 
21 20 1622 210 41 583 54 6 1 
22 220 2022 201 0- $12 273 $816: of 
23 20 25122 28] © 112 64 26 9 
24 20 2922 32] © 15 2 104 66 13] 
2520 33122 36] © 192 134 1016 1714 
26 [20 3722 400 O 22 2 1714 146 22 
27 0 41122 4340 26 2 214 186 26 
28 20 45/22 47] O 292 25 4 226 30 
2% [20 50 [2 33]2 294 266 34] 
3 0 54] 37 2 324 3006 38 
31 0 8 9 404 38 34 SY 


137). 


r 


A TABLE of the Sun's Right Aſcenſion. 
SS Fuly | Auguſt | Sept. | October | Novem. Decem. 
H. M. H. M.] H. M.] H. M. H. M. H. M. 
Ll | 3 | | — 2 
1146 42 8 47 10 43/2 3114 2816 32 

26 468 5110 4612 35 14 3216 36 

316 5108 55010 5012 38 14 3616 40 
4 55| 8 5910 84/2 4214 39%½6 45 

VVV 
167 39 7 172 49 14 47/16 54 

717 719 uin $112 $53] 14 ne 58 
$1] 7 2t| 9 281 V412' $7]14 $5117 2 

917-15]-9 181 121313 - 1114. $9177 

107 19] 9 22/11 15113 45 3117 1 
it] 7 23] 9 - fn 19113 $j15 - 7117 Is 
127 27 9 29|11 23/13 1215 1117 20 
137 3109 33|1T 2613 1515 15½7 24 
1447 369 37] T1 3013 1915 197 29, 
157 409 4011 3313 2215 247 33 
167 44] 9 44]1T 37]13 2615 287 38 
17 % 48] 41113 315 327 42 
187 52 9 511 44/13 34115 36|17 47 
19|7 56| 9 55|ir 4813 3815 40|17 51 
j 20 | 8 ol g 591 57/13 4715 45/7 55 
21 8 410 311 5513 45015 49/½7 59 
228 80 71 5913 4915 5318 4] 
238 12/10 10/12 2113 5315 57 18 9 
1 24 | 8 1610 1412 613 5716 28 15 
12518 2010 1712 94 of16 -6]18 1 
1268 2410 2112 1314 416 11618 22 
27 8 2810 2512 1714 816 1518 27 
28 | 8 32 10 28012 2014 1216 198 31 
29 8 3510 3212 24/14 1616 23½8 35 
-30 | 8 3910 3612 2714 2016 288 40 
31 8 4310 39 2 14 24 18 44 


_ 
| # 
Wl, 
75 
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4 TABLE of the Dicks, Right- Aſcenſion and 
Magnitude f the R fix. d Stars. 
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85 8 | Right | Declina- 
Names of the Stars. 2 Aſcen. tion. 
— 
& H. M. D. M 
Pegaſus s lower Wing —— — 2 © 113 52 N 
| Pole Star - —— ——- — 20 45 88 O2 N 
Girdle of Andromeda —- ——--| 2| 0 5% 4 18N 
|| Achernar — = — —2 — 11 28 58 27 
[Bogle of Vf —— ———— 4, N 
| Meduſaes Head - — 22 52 40 oN 
Perſeus Right Side ————— | 2| 3 07/49 ooN 
Brighteſt of 5 #'s — —— — | 3| 3 33 23 21N 
Bull's Eye Aldebaran —— — | 1| 4 22,10 01 N 
Goat Capella ——- — —| 1] 4 59 45 44N. 
Orion's Left Foot =——— 53 08 29 | 
Orion's Left Shoulder ————|2| 5 12 06 o6N 
Middle Star in Orion's Belt 35 24 01 22 8 
j Orion” 5 Right Shoulder 25 42.07 21N 
| {Waggoner ——\ | 44 53 N 
Syrius the Great eee 116 35,16 24 
Caſtor — . 1 7 3: 32 23 N 
Procyon the Little Dog — — 1 7 27 O5 49 N 
Pollux — — J 2 7 31/28 35 N 
South Foot, or Claw of the Crab —| 3 8 03 og 54 N 
Hydraes Heart — ——|2| g 160% 38 8 
Isouthern in the Lyon's Neck — 19 54/7 5 N 
Lyon's Heart — 19 $5115 N 
_ | Upper Pointe . — 2 10 4863 ON 
| Lyon's Tatl —— oc nee | 1 |I1 3715 54 N 
IuVirgin's Girdle. —— [3 12 4404 42 N 
Virgin's Spike — 1413 10 48 
Arcturus— — inan N 
South Ballance =——= ———— | 2 14 38 1 08 8 
North Ballance- — — 3 15 040 29 8 
Scorpion's Heart — ano i130 ue fe. x9 $ 
Head of Ophiucus ——————— | 2 % 24|12 45 
| Brighteſt in the Harp 1418 2938 34 
Vulture's Heart —— — 1 39108 15 
Swan's Tail =——— Äf—f!— 2 20 3344 26 N 
I Pegaſus's Moutü . — [3 21 3208 46 N 
_ | Fomelhaut —— — — 1 22 4430 53 8 
| Marchab — — — 2 22 5313 N 
85 The 


"_ 
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++ Pt n: 
Seen: 


7 he Uſe of the Table of Fixed-Star s, and Sun's 
Right Aſcenſion: 


F IRS T, Suppoſe you ſee a Star upon the Meridian, 
4 and know not what Star it is, fee for the Sun's Right 


Aſcenſion the Day propoſed, and to that add the Hour of 
the Night «hen the Star is upon the Meridian, caſting 
away 245 if it exceeds; and for that Sum look in the 
Table of Fixed Stars, under [Right Aſcenſion, ] and the 


Star againſt which it ſtands is the Star that you law upon 
the Meridian, 


Example. January 11, and at 11 at Night, I he a Star 
upon the Meridian, which I ſuppoſe to be of the Firſt 
Magnitude, v:z. one of the biggeſt of the Fixed Stars; 
I find the Sun's Right Aſcenſion that Day 19 : 33, to 
which add the Hour of the Night 11, the Sum is 30 : 33, 
but caſting away 24, there reſts 6 : 33, which I look for 
in the Table of Fixed Stars, under [Rig ht Aſcenſion) and 
find it to ſtand againſt Syrius, the Great Dag, ſo I know 
it is the Great Dog that I ſaw upon the Meridian, which 
is a Star of the firſt Magnitude : and ſo in others. 


But if you know a Star, and deſire to know what Time 
it will be upon the Meridian, ſubtract the Right Aſcenſion 
of the Sun that Day from the Right Aſcenfion of the Star 

mentioned in the Table (borrowing 24, if need be) the 
| Remainder is the Time of the Star's coming to the Meri- 


dian. Example; I deſire to know what Time the Great 


Deg comes to South February the 1 2th; the Sun's Right 

Aſcenſion that Day is 21 : 46, which ſubtracted — | 

06 : 35 the Right Afrenſion of the Great Fe 
adde 


OS ¶ — —— — R 
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added to 24, becauſe it cannot be done otherwiſe, the 
Remainder 8 : 49 is the Hour of the Night that the 


_ Great: Dog comes to the South. 


Again, if you ſee a known Star upon the Meridian, and 
deſire thereby to know the Time of the Night, you may 
preſently know, what Hour it is by the aboveſaid Rule; 
and in common Caſes, if you know the Time of a known 
Star's coming to the Meridian, you may nearly compute it, 
by allowing 4 Minutes to every Day. Example, I have 
found as above, that the Great Dog Souths February the 
12th, at 49 Minutes paſt 8 at Night; and ſecing the 


ſame Star upon the Meridian February the 20th, I defire 


to know the Hou of the Night; now from February 12 


to February 20, is 8 Days, and allowing 4 Minutes a 


Day, the amount is 32 Minutes, which ſubtracted from 8 
Hours 49 Minutes, leaves the Time of the Great-Dog's 
Southing February the 26th. This Allowances 4 of Minutes 
a Day may ſerve for common Uſe, but if you would be 
exact, work by the preceding Rules. | 
In the laſt Column of the Table, you have the Declina- 
tion of the Fixed Stars, which is of Uſe in taking an Ob- 
ſervation z of which ſee more in Chapter VII. Section 


IV. of this Treatiſe. 


The Magnitude is of Uſe to know the Bigneſs of a 
Star ; thoſe of the firſt Magnitude being the biggeſt ; 
the ſixth the leaſt, and the reſt of Bigneſs proportionable 
to their Magnitudes expreſs'd in the Table. | 


CHAP. IX. 
Containing ſeveral Pleaſant and Uſeful 
-UuUnsTIiONS. 


2 * a — 


SECT. I. 07 Currents. 


doth not make her Way good according tothe Courſe 
ſteered by the Compaſs, and the Diſtance run by 
the Log, becauſe at the fame Time being privately car- 
ried by a Current, her true Courſe and Diſtance is com- 
pounded of the Courſe, and Diſtance ſailed, and of the 
Direction and Motion of the Current, therefore where 
both theſe are given, you mult firſt lay down the Courſe 
and Diſtance ſailed, and then the Courſe and Motion of 
the Current; to this laſt Spot thus found, draw a Line 
from the Place failed from, the ſame will ſhew the true 
Courſe and Diſtance made good, as in the Grit Caſe fol- 
lowing : A Ship ſails S E. 100 Miles from © to A, and 
and a Current ſets in the ſame Time Weſt 30 Miles; 
now if there was no Current, the true Courſe and Di- 
ſtance of the Ship would be repreſented by the Line 
CA, and the Point A ſhould repreve nt the Place failed 
to, but becauſe a Current ſets Weſt 30 Miles in the 
ſame Time, I ſet off 30 Miles W. from A to D, and the 
Point D repreſents the Place failed to, and the Line 
CD is the true Courle and Diſtance made good; and 
» hence 


T ſailing in a Carrent, it is very evident that a Ship 
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hence every Queſtion in Currents, there 1s conſtituted 
a Plane Triangle, either Right-angled or Oblique, the 
75 . of which ſome call the Angles of Reflection, 
election and Incidence, as Mr. Norwood in his Sea- 

man's Practice; but by the Learned Mr. T. P. more 
properly the Angle of Force, the Angle of Submiſſion, 
and the Angle of Chance: But ! ſhall not trouble the 
Learner's Memory with theſe Terms, but call them as 
indeed they are, the Courſe ſteered, or the Courſe made 
good, Sc. And therefore, Note; That by the Courſe, 
or the Courſe ſteered, I mean the Courſe by the Com- 
pals, and by the Diflance, I mean the Diſtance by the 
Log ; but by Courſe and Diſtance made good, I mean 
the true Courſe and -Diſtance of the Ship from the 
Place failed from, to the Place come to, with Allowance 
for the Current, Cc. EE 

There are en Caſes and Varieties in 0 but 
thrce are chiefly uſeful: The firſt is, when the Courſe 
and Diſtance are given, with the Courſe and Motion of 
the Current alſo given, to find the Courſe and Diſtance 
made good. The ſecond is, when the Courſe and 
Diſtance failed, and Courſe and Diſtance made good is 
given, to find the Courſe and Motion of the Current. 
T he third is, when the Courſe and Diſtance made good, 
and Courſe and Motion of the Current is given, to find 
the Courſe and Diſtance ſailed, and this is ; of great Uſe 
when the Bearing and Diſtance of two Ports or Iſlands 
are given, and the Courſe and Motion of a Current be- 
tween them is alſo given, to find how much to lay your 
Ship to the Windward of her true Courſe, that ſo the 
Set of the Current with that Courſe ſteered may Juſt 
bring her to the proper Port. 


CASE I. Curſe and Diſtance ſailed, and Courſe and 
Motion of the Current given, to find the Courſe and Di- 
fiance made good, 
Geometrical Conſiruftions 
A Ship ſails S. E. 100 Miles in 24 Hours, in a Cur- 
reut that tets Weſt 30 Miles in the fame Time, I de- 


mand 
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mand what is the true Courſe and Diſtance made good 
in thit 24 Hours Time. With the Courſe South Eaſt, 
and Viſtance 100 lay it down as in Plane Sailing Geo- 
metrical, and chen it will appear as in the Tri- 
angle A. C, that the Ship ſhould be at A; Fig. 66. 
but becauſe the Curt n: ers 30 Miles Weſt in 
the ſame Time, fer off 30 Miles from A to D, becauſe 
from A to D is Weſt; then is the true Place of the 
Ship at D; therefore draw the Line CD, then is the 
Triangle CBD the true Projection of the Queſtion, with 
Allowance for the Current, in which the Angle B C D 
29.56 is the true Courſe made good, the Hypotcnuſe 
CD 81.6 the Diſtance, the Leg CB 70 7 is the Diffe- 
rence of Latitude, and BD 49.7 is the Departure, as 
may be found by meaſuring them Geometrically. 


Arithmerical Calculation. 


| By Caſe the firſt of Plane Sailing, 
As Radius — — 90 0 — 


Io. ooooo 

To the Diſtance -—>— 100 0 — 2 00000 

So Sine Comp. Courſe = 45 — 9.84945 
To the Difference of Latitude 70 7 —— 1.84948 


The Departure i is alſo 70.7 equal to the Difference of 
Latitude, becauſe the Courſe is South Eaſt, viz. at an 
Angle of 45 Degrees. 

But becauſe the Current hath ſet her 30 Miles Weſt 
in the ſame Time, therefore ſubtract 30 from the Depar- 
ture found 70.7 there remains 40.7, the true Departure 
with Allowance for the Current. 

Then you have the true Diff-rence of Latitude and 


Departure given to find her Courſe and Diſtance, by Caſe 
the Sixth of Plane Sailing. 


As Difference of Latitude JO 7 — 1.84948 


To Radius - — 90 0 — 10.00000 
So true Departure — 4 7 — 1.60959 


To Tangent of the Cracks 29. 56 — 9.76011 
— —Ty Then 
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Then oth the Diſtance. 


As Sine of the Courſe — 29 56 . 4 69809 | 
To the Departure 40 7 — 1.60959 
3 n Radius — 90 0 — 10.00000 

To the Diſtance made good 81 6 — 1.917 50 


Or the Diſtance may be found thus, by Caſe the fourth 
of Oblique Plane Triangles. 

In the Oblique Triangle ACD there is given the 
Side AC 100, and the Side AD Zo, and the Angle be- 
tween them 45 Degrees: Then by Caſe the fourth of 

Oblique Plane Triangles. 


"0M. Ar. 

As the Sum of the Sides — 130 — 7.88606 

To the Difference of the Sides 70 — 1.84509 
So the Tang. of half the Sum 

of the unknown Angles. 357. 30 a 35277 


Mm 


To the Tang. of half their Diff 52.26 — 10. 7077392 


Hence the Angle ADC is 119. 3 and the Angle 
Ab is 15.4 


Then for the Side CD, which 18 the true Diſtance 
made good. 


As Sine of ACD — 134 4m. Co. Ar. 0.58513 
To the Side AD —— — 30 — — 1.47712 
So is the Sine of CAD — 45 o = 


——— — — —— — 


To che Side CD $1.6 the Diſtance required SPLITS 


But ſuppoſe the Current had ſet upon an Oblique 
| Courſe, and not due Eaſt, Weſt, North, or South, the 
Operation had been more difficult: As for Example. 

3 3 A Ship 


9.84948 


QJucſſions concerning Currents. 325 


A Ship ſails S. E 100 Miles a Day, in a Current that ſets 
N. N. W. 30 Miles a Day; I demand the Courſe, Pi- 
ance, Difference of Latitude, and Departure made 225 
in one Day. 


Geometrical Confiruflim. 


Lay down the Triangle ABC, as in the fore- 

going Queſtion, with the Cou 1 S. E. vix. an Hg. 67. 
Angle of 45 Degrees, the Diſtance 100, the 
Difference of Latitude 70.7, and che U Leparture the ſame 
as found before; then ſhould the Shi: +> at A; bur be- 
cauſe the Current 1n that Time hath fox he Ship 30 
Miles NNW. therefore ſet off 30 Miles \ © e 
A to d, which may be done by the Rule laic denn in 
Traverſe Sailing Geometrical ; for ſecing the Li ine CA 
is South Eaſt from C to A, it muſt needs be North 
Weſt from A to C; and then ſeeing the Current ſets 
N. N. W. which is 2 Point: to the Northward of North 
Weſt; therefore with the Chord of 60, and one Foot 
in A, draw the Arch g 4 upon which ſet off 2 Points 
from ꝗ to d, and draw A d, which is a N. N. W. Line, 
upon which ſet off 30 (the Current's Race) from A to d, 
and then is the true Place of the Ship at d, her true 
Diſtance, C 4 73.2 Miles, her Difference of Latitude C 
q 43-0 Miles, and her Departure q d 59 2 Miles, and the 
Arch & þ meaſures the Angle at C 54d. om. the Coulſe 
required. 


Arithmetical Calculation. 


In the Triangle ASd Right-angle at S, you hwy 
given the Hypotenuſe A 4 30, and the Angle at A 67. 
30 (becauſe A d is a N. N. W. Line) to find AS and S d 
by the firſt of Right-angled Plane Triangles. 


| * . A 


. ˙ w — ! 
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As Radius - 90 00 ——  10.00000 
Io the Hypotenuſe Ad --- 30 — 


— — 


147712 
So is the Sine of the Angle at A 67 30 — 9.96561 5 
To the Leg 8 4 — — 277 — 1.44273 
As Radius — — 90 oo — 10.00000 
To the Hypotenuſe Ad — 30 — 1.4772 
So is the Sine of the Angle at 4 22 30 — 9.58284 
To the Leg AS — 11 5 a x1.05996 


——rðv’ͤ —ßK—— — 


The Leg S d 27.7 equal to q B, ſubtracted from the 
whole Difference of Latitude CB 70.7, leaves C q the 
true Difference of Latitude 43.0; and the Leg SA 171.5, 
ſubtracted from the whole Departure 70.7, leaves 59.2, 
the true Departure: By which you inay find the true 
Courſe and Diſtance by Caſe the ſixth of Plane Sailing. 


As Difference of Latitude — 43 0 — 163346 
To Radius -— —— 900 — 10.00000 
So is the Departure ——— 59 2 —— 1.77232 


To the Tangent of the Courſe 54 0 — 10.138866 T 


As Sine Comp. Courſe —— 36 © 


| : — 9.76921 | 
To Difference of Latitude — 430 — 1.63346 
So is Radius — — e 90 0 — 10. ooooo | 


The true Courſe is 54 Degrees from the South Eaſt- 
ward, or South Eaſt near three quarters Eaſt, and the 
Diſtance is 73.2 Miles, 7 5 = 


CASE 
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CASE II. Courſe and Diſtance ſailed, and Cour /e and 
Diſtance made good, given, to find the Courſe and Motion 
of the Current. 


A Ship fails (by the Compaſs) S. by E. 36 Miles, and 
then arrives at a Place which is known to bear from the 
Place ſailed from S.E. by S. 54 Miles, (having been de- 
ceived by an unknown Current) I demand which Way 
the Current ſets, and how faſt, ſuppoſing the Ship to 
fail by the Log 4 Miles an Hour. 


Geometrical Con/irufion, 


In this and all other Caſes of Currents, as 
well as Plane Sailing, Traverſe, &c. draw the Frg. 68. 
North and South Line AB, and ſet off the 
Courſe ſteered S. by E. and Diftance 36 Miles from A 
to C; then ſet off allo the Courſe and Diſtance made 
good 54 Miles S. E by S. from A to D: Then becauſe 
by the Courſe ſteer'd by the Compaſs, and Diſtance run 
by the Log, the Ship ſnould have been at C, but is 
found at D, therefore I am ſure there is ſome Current 
hath ſet me in the ſame Time from C to D, therefore 
draw the Line CD for the Set of the Current, which 
meaſured will be found to be 25 Miles. And the Angle 
ACD accounted from the N. by W. Point (becauſe the 
Line CA is a N. by W. Line) will be found to be 
11 Points from the N. by W. Eaſtwards, viz. E. S. E. 
od. gm Southerly, for the true Courſe of the Current 
by the Rule laid down in Traverſe Sailing Geometrical 
for laying down Courſes by Diſtance ot Points. 


Arilhbmetical 2 . 


In the Oblique Triangle ACD, you have given the 
Side AC 36 Miles, and the Side AD 54 Miles, and the 
Angle between them 2 Points, or 22d. 3om. (being the 
Diſtance between S. by E. and S. E. by S.) to find the 
. Angle 
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Angle ACD, and the Side CD, by Caſe the fourth of 
Oblique Plane Uriangles. Co. Ar. 


As the Sum of the given Sides — go — 8.04576 


To their Difference — — 18 — 1.25527 
So tang. of , Sum of unknown Ang. 78.45 10.70134 


To Tang. of! 2 their Difference — 49. 9 10. 032 37 


The half Difference of the Angles - — 45d. gm. 
Added to the half Sum — 78 45 


The Sum is the Angle ACD = 1, 2 54 


which reduced to Points of the Compals, is 11 Points, 
O Deg. 9 Min. and that accounted from N. by W. finds 


E. S. E. o deg. 9 min. Southerly, for the true Courſe of 
the Current. 


Then for the Sich le CD the c urrent's Race in char Time. 
1 Co. Ar. 


As Sine of the Angle ACD 123d 54m. — 08092 
1 73239 


To the Side AD — 84 
So is Sine of the Angle CAD 22 30 — 9.38283 


ũ—— — ————' 


To the Side CD required „ -— 1.29614 


So that the Current ſets 25 Miles E S. E gm. Son- 


_ therly, in the Time that the Ship ſail'd by the Log, 36 


Miles S. by E. and ſuppoſing the Ship to fal 4 Miles 


28 Hour, ſhe would ſail 36 Miles in 9 Hours 55 in which 
Time the Current [ers 23 Miles, therefore divide 25 by 


9, the Quotient 23 Miles is the hourly Motion of the 


Current. 


CASE III. courſæ and Diftance a good by the 
Ship, and Courſe and Motion of the Current given, to 
find the Courſe and Diſtance ſail'd: Or, more properly 


thus, having the Bearing and Diſtance between two 
Ports or Iſlands given, and having allo the Courſe and 


Motion of a Current that lies between them given, to 


lind what Courſe to ſteer by the Compaſs, or how much 


to 


» IA16 
E %. 


Queſtions concerning Currents. 329 
to Windward of your true Courſe to ſteer, ſo that the 
Compound Motion of the Ship may juſt ſet her to the 
defired Port. 

There are two Ilands A and B; the Courſe from B 


to A is South 40 Degrees Weſt fly. diſtance 80 Miles: 


The Current ſets Eaſt 2; Miles an Hour, a Ship fails 
4* Miles an Hour, I demand what Courſe ſhe muſt 
ſteer from B to A, and how far ſhe muſt fail by the 


Log before ſhe arrives at A, the Port deſired? 


Geometrical Conſtruction. 


Draw the N. and S. Line BD, and ſet off 
the Courſe and Diſtance from B to A South Vg. 69. 
40 Degrees Weſt, 80 Miles from B to A: | 
Then becauſe che Currear ſets Eaft, draw the Eaſt and 
Weſt Line AC at Pleaſure, by the Rule laid down in 


Traverſe Sailing Geometrical, then is the Side AB 80 
Miles, and the Angle BAC 130d. oom. given, but you 


have no other Side nor Angle given in the - Oblique 


Triangle ABC, but you have the Proportion of the 
two Sides CA and CR, for AC repreſents the Motion of 


the Current 25 Miles an Hour, and BC repreſents the 
Motion of the Ship thro' the Water 4; Miles an Hour: 
Therefore find the Angle ABC by Caſe the Second of 


_ Oblique Plane Triangles. 


As the side BC 4, or in D: cimals 3 Co PR 9.34679 
To the Sine of the Angle BAC 130.0 9.88425 


-. 80 the Side AC 225 5 2.5 —— 0.39794 


| a _——— — 


To the Sine of the Angle ABC 25.11 —— 9.62898 


The Angle ABC is 2 5d. — 11m. therefore make the 
Angle ABC, 25.11, and draw the Line BC to cut AC 


in C, and thew | IS the Projection finiſhed, and the Angle 


ABC 25.11 added to the Angle AB D 40d. —om. the 
Sum 65d. 11m. from the South Weſterly, or W. S W. 


almoſt 3 Southerly, is the Courſe that the Ship muſt ſteer 
to gain he Port with Allowance for the Current. 


Then 


—  -- - — — — —— —t— — 


To the Side oppoſite Bc — 146 
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Then for the Side BC, the Diſtance failed by the 
Log, ſubtract the Sum of the two Angles A and B 


155d.—11m. from 180.—om. the Remainder 24d.— 
49m. Is the Angle ACB. Then, 


As Sine of the Angle ACB — 24.49 Co Ar. 0.37705 
To its oppolite Side BA — 8& — 1.90309 
So Sine of the Angie BAC — 130—0 — 9.88425 


— ³IM⸗:. r u.ñʒ — 


2. 16439 


Te Diſtance ſailed by the Log, i is 146 Miles, and 
the Rate of Sailing 1 is 44 Miles an Hour, therefore di- 


vide 146 by 41. the Quotion 325 is the Hours that the 
Ship will be in Sailing from Bro A. 
Now if you would prove the Work, multiply 22+, the 


Hours that the Ship is in ſailing by 2; the Miles that 
the Current ſets in one Hour, the Quotient 812, is 
the Miles that the Current ſets in that Time, repreſent- 
ed by the Side AC, which you will alſo find to be true 
; by the following Canon. 


As Sine of BAC — — 130.0 Co. Ar. o. 11575 
To Side oppoſite BC 146 2.16435 


So Sine of ABC —— —— 25. I — - 9.60098 


To Side oppoſite AC — 81.1] — 2 I.90901 


Note; It is neceſſary in this Caſe to know how faſt 
the Ship ſails, for the faſter ſhe ſails, the Jeſs ſhe need lie 


to Windward of her true Courſe againſt the Current. 


Gaſe IV. or Queſtion IV. 


There are other Varieties in failing in a Current, ſome 
of which I ſhall inſtance for the Learner's Improve- 


A Cur- 


meat and Diverſion, 


1 


2 — 


— 
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Current ſets 32 Miles a Day E.N.E. 4 Ship ſailing 


therein ſteers S. S. E. by the . and finds that in 24 
Hours ſbe is 70 Miles diſtant from the Place ſailed from: 
demand upon what Point ſhe hath made ber ay good, 

and bot ne ſhe bath ſailed by ihe Log? 


Geemetrical Conſtruction. 


Draw the N. and S. Line AB, and ſet off 
the 5hip's Courſe ſteer'd S. S. K. 22.30, and Fig. 70. 


draw the Line AC continued; then an 


where upon that Line, as at C, draw an E. N. E. Line 
(as the Line DC) by the Rule laid down in Traverſe 
Sailing Geometrical to repreſent the ſet of the Current, 


upon which ſet off 32 Miles, the Current's Motion in - 
24 Hours, from C to D, then at the neareſt Diſtance 


from D to the Line AC, (which here happens to be the 


Length of the Line CD, becauſe CD is Perpendicular 
to AC) draw the Parallel b D, then with 70 Miles (the 
Diſtance made good) in your Compaſſes, and one Foot 

in A deſcribe the Arch B g continued, and where it 
cuts the Paralle] 4 D as in g, begin the Line g E, draw- 
ing it parallel to the Line DC: Then is A g 70 Miles, 


and Diſtance made good, E g 32 Miles, the Set of the 


Current E.N.E. The Line AE 62.3 Miles, the Di- 


ſtance ſail'd by the Log, and the Angle EA g 27d. 12m. 


added to the Angle BAC 22d. zom. The Sum 49d. 42m. 


is the Courſe made good from the South Eaſtward, or 


the Arch & m meaſured on the on, gives SE. 4 De- : 


grees, 42 Minutes Eaſterly. 
| rithmttical Calculation. 


In the Triangle AE g you have given the Diſtance 
made good A g 70 Miles, and the Motion of the Cur- 
rent Eg 32 Miles, and the Angle A E g (which hap- 


pens here to be a Right-angle) 90 deg. to find the 
Angle EA \s . 


As 
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To He ine of the Angle oppoſite 
A Eg 90 © — 10.00000 
So Sids Ex 32 — 1.50315 


Tothe Sine of the Angle oppo. EA g. 27 12 — 9. 66008 


The Angle EA g 27d. 12m. added to the Angle 


BAC 22.30, the um 49.42 is the true Courſe made 
good from the South Eaſtwards, vis. S. E. 4d. 42m. 
Eafterly. 


Then for the Side AE the Diſtance ſailed by the Log. 


As Sine AE g — — god. om. — 10.00000 
To Side oppoſite A g — 7 — 1.84509 
So Sine AgE —— — 62 48 — 994990 


So Side oppoſite AE —— 62. 3 — 1.79419 
The Courſe made good is S.E. 4d. 42m. Eaſterly, 
and the Diſtance failed by the Log is 62.3 Miles. 
And if you would prove the Work b y inverting the 
Queſtion, and propoling it in the firſt Caſe of Current 
Sailing, thus, 

As Ship fails S. S. E 62 3 Miles in a Current that ſets 
E. N. E. 32 Miles in the ſame Time; you will find the 
Anſwer produces 70 Miles S.E. Ad. 42m. Eaſterly, for 
the Courſe and Diſtance made good. 

Note; Although in this Caſe the Triangle A E g is 
Right-angled, becauſc the Current's Race E. N. 5 | 
makes a Right-angle with the Ship's Courſe S S. E. y 
in any other Caſe it would have been an Oblicue 
Triangle ; but the Rules both for Projection and Cal- 
e would have been the ſame. | 


Queftion the Fifth, 


A Ship fails 52 Miles a Day by the Log, in a Cur- 
rent that ſets Faſt 12 Miles a Day, and then finds that 
ſhe hath made her Way good South Eaſt, I demand 
what Courſe ſhe hath ſteer'd by the Compaſs, and what 

Diſtance ſhe has made good ? 


Geome- 
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Geometrical Conflrufion. 


Draw AB, and with an Angle of 45 deg. 
the Courſe made good, draw the Line AC Pig. 71. 
continued, then with 72 the Diſtance ſailed 
by the Log, ſweep the Arch B d; then any where upon 
the Line AB, as at B, make an Eaſt and Weſt Line, 
becauſe the Current ſets Eaſt; then take 12 Miles in 
your Compaſſes, the Currents Motion, and ſet it pa- 
rallel to BC, and ſo as that it may, juſt extend from the 
Arch BE d to the Line AC, as here from e to g, and 
draw the Line eg, and *tis done—or if you think this 
Method too mechanical for laying down the Line ge, 
you may do it thus: You foreſee that in the Triangle 

Aeg when laid down, there will be given the Side Ae 
72, and the Angle oppoſite to it 45 deg. and the Side 
eg 12, to find the AR e A + oo 


As Side A e — — 72 Co. Ar. 8. 14267 
To 1 oppoſite A ge 45.0 — 9.84948 
So Sine e g — - — 11 — 1.07918 


— — 


To Sine of Angle oppoſite g A e — 6. 4 — 9.07133 


which added to the Angle A ge 45 deg. the Sum £1.46 


ſubtracted from 180, leaves 128. 14, the Angle Aeg; 
therefore having ſet off 72 from A, upon the Line A e 
from A toe, at e draw the Line eg, to make an Angle 
of 128.14 with the Line A e, this Line if carefully 
drawn will juſt contain 12 ſuch Parts, whereof the Line 


Ae contains 72, by that Time | it is extended to cut me 
Line A g. 


Then for the Side A g the Diſtance made 28541 


g As Sine e Ag — — d 4. 09:86 
To Side eg — — — 12 — 107918 


So Sine of Aeg —— — 128.14 — 9 89514 


To Side As the Diſtance 8 good Bo — 1.90308 
There- 
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Therefore for the Courſe ſteer'd, ſubtract the Angle 
e Ag 6.46 from the whole Angle given b Ag 45, the 
Remainder 38 14 is the Angle b A e the Court ſteer'd, 
and the Side A g, found to be 80, is the Diſtance made 

ood. 

Nete ; In finding the Sine of any Angle above 90 De- 
grees, you muſt ſubtract the Angle (whoſe Sine is re- 
quired) from 180 Degrees, the Sine of the Remainder 
is the Sine of the Angle required, as in the Example a- 
bove, where the Sine of 128.14 is required, ſubtract 
128. 14 from 180, the, Remainder 51d. 46m. ſought in 
the Table of Sines, the Sine anſwering to it is 9.89514, 
which is alſo the Sine of 128.14 which was required; 
the Reaſon of which is evident from Plate 1ſt, Fig. 7. 
of this Book, in which if you account 128d. 14m. from 
upon the Arch “ go S, it will reach to the Point x, 
and the Perpendicular x z is equal to a Perpendicular 
let fall from 51d. 46m. as you may obſerve by the De- 

rees numbered from S upwards towards go, the ſame 
Bees and Minute which anſwers to 328.14, if num- 
bered from &, anſwers to 51 45 if numbered from 
8, Sc. 

And thus a for Plane Sailing in a Current; many 
more Queſtions might be inverted from other Data 35 
but I would ſtudy Brevity, that the Book may not be 

too chargeable to the Buyer, ſuppoſing that by a right 
Underſtanding of theſe Rules, the Ingenious will be 
able to project and anſwer any other Caſe or Queſtion of 
this Kind; and as for Traverſe Sailing in a Current, 
although I thought to have placed it in a Section or 
Chapter by itſelf, yet I find it altogether needleſs ; for 
the Courſes being firſt reduced to one, by the Rules laid 

dewn in Traverle Sailing, the Operation for allowing 
for known Currents, or Ending the Courſæ and Motion 


of unknown Currents, is the very lame with the 
Rules here laid down. - 


OF 


o F 


Turning to WINWARD 


CURRE N T,. 


HIS may alſo be divided into ſeveral Caſes, 
of which I ſhall ſpeak in Order; but the moſt 
uſeful is, where the Courſe and Motion of the 
Current is given, with the Courſe and Diſtance between 
the Place failed from, and the Place bound for, and 
from what Point the Wind blows, and how near the 
Wind the Ship will make her Way good, (for theſe four 
Things are commonly given or known) to find how 
long ſhe muſt lie upon each Tack to gain her Port, ſup- 
poſing her Rate of running, or Miles failed in an Hour 
i by the Log, be alſo given or known, ETD 
| | | 

Example 
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Example, Queſtion the Firſt. 


There are two Iſlands A B, A is diſtant from B go 
Leagues due North : A Current ſets from A towards 
B South 2 Miles an Hour, a Ship at A intending for 
B, meets with the, Wind at South, gets her Starboard 
Tacks aboard, and makes her Way good within 72 
Degrees of the Wind, and fails four Miles an Hour by 
the Log, I demand how long ſhe muſt lie upon each 
Tack to gain her Port, and what Courſe ſhe makes 
good ? 
Geometrical cri. 


Draw AB repreſenting the Bearing and Di- 
Fig. 72. ſtance of the two Iſlands, viz N. and S. go 
Leagues, upon the Middle of which erect the 
Perpendicular 2 C, then draw the Line AC, to make an 
Angle of 72 Degrees, with the Line AB, and continue 
the Line AC till it cut the Perpendicular 4 C in C, and 


draw the Line CB, fo ſhall the Iſoſceles Triangle ABC 


repreſent the two (lands, and the Ship's Way to them 
without any Allowance for the Current, the Line AC 
repreſenting the Ship's Way, with her Starboard Tacks 
aboard 72 deg. from the Wind, and the Line CB her 
Way, with her Larboard Tacks aboard to fetch the 
_ Iſland ; but becauſe every Hour while the Ship fails. 
four Miles by the Log, the Current ſets her two Miles 
to the Southward, therefore find how many Hours the 
Ship is in ſailing from A to C by the Log; in order to 

which you mult find the Side AC by dividing the 
Iſoſceles Triangle ABC into two Right-angled Triangles 
Ad C and BAC, then in the Triangle A 4 C you have 
given the Leg A 445 (being half the whole Line A B 
which is 90) and the Angle 4 A C 72 deg. conſe- 
quently the Angle AC 418 deg. to find the Hypotenuſe 


A C, by Cafe the fourth, of Right angled Plane 
| Triangles, 


As © 
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As Sine of AC 4 —— 18d. om. 9. 48998 
So is Radius AdC — — 90.0 — 10.0000 


To Hypotenuſe AC — — 1453 — 2. 16323 

Hence AC is 1454 Leagues, or 437 Miles, kick di- 
vided by 4 the Miles ſailed in one Hour, the Quotient 
1094 is the Hours, in which the Ship fails from A toC; 
but the Current ſetting South two Miles an Hour, 'tis 
plain that in 1094 Hours it hath ſet South 218 Miles, 
or 721 Leagues nearly; therefore draw the South Line 
Cg and thereon lay 72 Leagues, becauſe while the 
ſail'd by the Lug from A to C, the Current hath ſer 
her from C to g, then draw the ine Ag, which re- 
preſent the true compound Motion of ihe Ship, or 

Courſe made good; but becauſe ſhe is to ie upon that 
Tack, but only till ſhe be got half Way to the Port 
ſail'd .. obſerve where the Line Ag cuts the Perpen- 
dicular 4 C in e, and then is the Angled A e, 49d. 39m. 
the true Courſe made good by Reaſon of the Current, 
and the Line A e the true Diſtance failed upon the 
Starboard Tack, viz. 69.5 Leagues, and e B the Di- 
ſtance ſailed upon Larboard Tack being alſo 69.5 
Leagues. But to know how far ſhe will have ſailed by 
the Log, by that Time that ſhe will be at e by the Help 
of the Current, draw e & parallel to g C, this Parallel 
ſhall cut AC and Ag p: oportionably by Euclid Lib. 6. 
Prop. 2. viz. As A to A e, ſo AC to A k, hence A k 
meaſured will be found to be 55.5 Leagues, or 166.7 
Miles ſailed by the Log, which divided by four, the 
Miles failed by the Log in one Hour, given 41.773 
_ Hours, the Time to ſtand upon the Starboard Tack, 
and the ſame upon the Larboard, to fall in with the 
Lland at B, Sc. 


Arithmetical Calculation. 


In the Oblique Triangle AC , there is given the Side 
AC 437 Miles, and the Side Cg 218 Miles, 7 ge 
Z om ngle 
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Angle clades A Cg 108d. om. to find the Angle 
CA g, by Cale the Fourth of Oblique Angled Plane 
Triangles. 


As Sum of the Sides — — 655 Co. 4 7. 18376 
To Diff. of the Sides — 219 — 2.34044 


So Tang. of: Sumof unknownAng. 36.0 — 9.86126 


— — — 


To Tang. o half their Difference 13.39 —— 9.38546 


The half Difference 13d. 39m. ſubtracted from the 
half Sum 36d. om. reſts 22d. 21m. che Angle C Ag, 
which ſubtracted from the whole Angle d A C 72. om. 
leaves the Angle dA e 49d. 39m. the Courſe made good. 

Then for the true Diſtance made good Ae: In the 
Triangle A d e you have given Ad 45 Leagues, and the 
Angle d A e 49d. 39m. conſequently the Angle A e d 


40d. 21m. to find A e by Caſe the ſecond of — 
angled Plane Tri angles. 


As Sine of ed — — 40d. 21m. 9.87121 
To Side oppoſite A 4 — 45 — — 1.65321 
80 Radius 90 © 10. ooo 
To Hypotenuſe Ae = 69 5 — 1. 14505 


Then for the Diſtance ſail'd by the Log A k (while by | 
the Help of the Current ſhe is carried to e.) 
In the Triangle Ak e, vou have given A e 69.5, and 
you have given all the three Angles, viz. A ke, equal 
to AC 108d. om. and A ek equal to A C equal to d A 
e, 49d. 39m. and £ A e 22d. 21m. equal to AC, to 


find the Side A x by Caſe the firſt of — -angled 
Plane Triangles. 


As Sine of Ate —— — 108d. om. Co. Ar. 0.02179 
To Side oppoſite Ae — . 84198 
So Sine of Ae — — 49.5 39 — 9.88201 


— 


To Side oppoſite Ak — 55. 7 — — 1. 74578 
—— The 


Dueftions concerning Currents, 339 

The Side A &, the Diſtance failed by the Log, is 
55.7 Leagues, or 167.1 Miles, which divided by 4, the 
Miles failed in one Hour by the Log, the Quotient 
41.775 is the Hours that ſhe muſt lie upon the Star- 
board Tack, in which Time ſhe is carried away by the 
Help of he Current from A to e, and then lying the 
ſame Time upon the Larboard-Tack, ſhe will arrive at 
B, the deſired Port; fo that in 83,55 Hours, ſhe per- 
forms the Voyage of 90 Leagues, although upon a 
Wind, by the Help of the Current, which had there 


been no Current, would have required 218 Hours, or rg 
Days and 2 Hours. 


Queſtion the Second. 


There are two Wards diſtant 400 Miles N. and S. from 
each other, ſuppoſe A and B, A being the Nortbermaſt: A 
Ship at A intending for B, meets with the Wind at South, 
ſhe pets her Starboard Tacks aboard, and makes her Way 
25 through the Water, within 72 Degrees of the Wind, a 
Current at the ſame Time ſetting South 2 4 Miles a Day, "he 
 _ four Days upon each Tack, and then arrived at ber 


Port at B: I demand her Courſe and * made good up- 
on each T. ack : * 


Fig. 73. 
Geometrical Confiruion. 


| Draw the Line AB 400, and at an 8 of 72 De- 
'grees, draw AD and BD, to cut each other in D, and 
from that Interſection let fall the Perpendicular DC, 
which will fall upon the Middle of the Line AB, then is 
the Projection finiſhed without Allowance for the Cur- - 
rent; but becauſe in that four Days that ſhe had her 
Starboard Tacks aboard, the Current had ſet her 96 
Miles, ſet off 96 from C toe and 2, and draw h k and 
eg Parallel to CD, and where thele Parallels cut the 
Lines AD and BD, as at g and &, dray, the Line g & to 
. e 


| T o Difference of the Sides 
So Tang. ofhalf Sumof unknown Angles 36. 0—9. $6126 
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cut the Perpendicular CD in m, and then to the Inter- 
{c&ion at wm, draw the Lines A n and 3 , for theſe 


Lines ſhall repreſent the true compound Motion of the 


Ship or Courſe and Diſtance made good, viz. The 


Angle CA m 586. is the Courſe made good from the 
Meridian, and the Line A n equal to m B is the true 


Diffance ſail'd upon each Tack, viz. 277 4. 


 Arithmetical Calculation. 
In the Triangle Aeg Right-angled at e, you have 


given the Leg Ae 104, and the Angle e Ag 729. con- 
| jcquently the . Angle Age 18d. to hed the Hypotenuſe 


Ag. 

As Sine of Age — — 18d. om. — 9.48998 
Jo Side oppoſite Ae — 1044 2.01703 
SO Radius — — — — bees 


To the Hypotenoſe Ag — 336.5 — — — 2. 52705 
Then in che Oblique Triangle Ag m you have given 
the Side Ag 336.5 and the Side g n 96, becauſe equal 


to Ce, and the "Angle included A * 108d. om. to find 
the Side A m. 


co. Ar. 
s Sum of the Sides 431. 5 — 7.36402 


— 240.5 2.38111 


To Tangent of half heir Difference — 22.0—9. 60639 


Hence the Angle g A mis 14d. oom. which ſubtract- 
ed from the whole Angle 72, leaves the Courſe made 


good, CA mM 58d. oom. Then for the Diſtance made 


good. 

On. An 
As Sine of S An — 14d. oom — 0.61632 
Jo Side oppoſite g m — 96 — — 1.98227 
"0 Boy ee — 1080 — 9.97820 


———— — 


To Side oppolite A #2 "nate 277.4 — 2.57679 
8 The 
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The Diſtance made good upon each Tack is 277.4 
Milrs; the Diſtance ſarled by the Log upon each Tack 


is Ag and B & 336.5, the Courſe made good 38d. om. 
from the — 


this ſtion the Third. 


5 Maſter of a Ship baving taken Freight from an 2 
at A, to another Nand at B, and having his Sen abcard 
along with him to gain Experience, he requires of his Fa- 
tber, <:hether there was not a Current ſetting upon ſome 
Point between the ito Iiands : bis Father reſiuſing to tell 
Bim, bids him obſerve well the Dead Reokoning Out ward- 
bound, and alſo Home, and ſee if be could not, by comparing 
them, find the true Ceurſe and Motion of the Current /IWhere- 
upon the Captain, who knew very well which Way the Cu- 
rent ſet, and how the jſiands bare upon each other, cauſed 
them to fteer away South, and in Running 270 Miles upon 
_ that Courſe, they arrived at B, and baving done his Buſi- 
neſs there, they ſteered North Weſt, and Runniag 380 Miles 
upon that Courſe, they arrived at A. Now. 1 demand 
| bow the Iſlands bear from each other, and bow far diſtant , 
40% which M the Current ſets, and bow faft, ſuppoſing the 


Ship ſailed always at the Rate of 5 Miles an Hour by rhe 
Log # | 

 Geemetrical Conſtructions. 
Draw the North and South Line A C 270 1 
Miles, the firſt Courſe and Diſtance; then Fg. 74. 
becauſe her Courſe home was North Weſt 
to A, draw the Line AD. at the Angle of 45 degrees 
from- AC (becauſe if DA be North Weſt, A D muſt be 
South Eaſt, and conſequently make an Angle of 45 
Degrees with the Line AC) and ſet off 380 from A to 
D, and draw the Line CD, which repreſents the Motion 
of the Current during the Ship's ſailing from A to C 
and from D to A.; for finding of which you have 


given the Side AC 270, and the Side AD 280, and the 
contain'd 
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contain'd Angle 45 deg. to find the Angle A CD by 
Caſe the fourth, of Oblique Plane Triangles. 

As Sum of the Sides 650 Co. Ar. 7.18799 
To the Difference of the Sides — 1:0 —— 2.04139 
So Tang. of! Sum of unkn. Angle 67.30 — 10.38277 


— — 


To Tang. of 5 their Difference — 22.13 — 9.61125 


The half Sum added to the half Difference, makes 


the bigger Angle ACD 89.43. 


Then for the Side CD. 


As Sine of ACD — 
To Side oppoſite AD 
So Sine of CAD — 


89.43 Ce. Ar. 0.00001 
380 2.57978 
45.0 9.84948 


To Side oppoſite CD —— 268. 7 — 2. 42927 


The Side CD 268.7 Miles in the Currents Race dur- 
ing the whole Voyage : Now to find the Bearing and 


Diſtance of the Iſlands, we ſee that in the whole Voyage, 


out and home, the Ship runs 650 Miles, which at 5 


Miles an Hour, requires 130 Hours, in which time the 
Current ſets 268.7 Miles, but her Voyage outward be- 


ing but 270 Miles, which at 5 Miles an Hour requires 
but 54 Hours, therefore ſay by the Rule of Three, if in 
130 Hours the Current ſets 268.7 Miles, how far will it 
ſet in 54 Hours! e 


268.7 
| 54 
10748 
13435 


— — 


1310) 145019. 8 8 6 


The Current's Driſt while the Ship fails by the Log. 
from A to C is 111.6, which ſet upon the Line C D 
:- ;. pool. 
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from C to B, and draw AB which repreſents the true 
Courſe and Diſtance between the two Iſlands, for the 
finding of which by Calculation, you have given, in the 
Triangle ABC, the Side AC 270, and the Side CB 
111.6, and the contained Angle ACB 89.43, to find 


the Angle CAB, by Caſe the Fourth, of Oblique Plane 
Triangles. : 


. Co. A. 
As Sum of Sides — 981.6— 7.41840 
To the Difference of the Sides — 158.4 — 2.19975 
So Tang. of half Sum unknown Angles 45.8 — 10.00202 


——_—_—_— — 


To Tang. of half their Difference | 22.38 — 9. 62017 


Hence the Angle CAB is 22d. zom. ho true Courſe 


from A to B South — wich is South South Eaſt 
exactly, 


Then for the Side AB the true Diſtance between the 
Iſlands. 


= VV 8 
As Sine of CAB — — 22.30 — 0.41716 
To Side oppoſite g — 111.6 — 2.04766 


So Sine of ACB 


— 89.43 185 9.99999 


To Side oppoſite AB — 291. 6 — 2.4648 


The true Diſtance between the two Iſlands is 291. 6 
Miles. 

The Courſe of the Current is the Angle ACD, found 
by the firſt Operation 89d. 43m. from the North Eaſt- 
_ erly, which is Eaſt 17 Minutes Northerly, and as for the 
Rate or Motion of the Current's running, it is found 


by dividing the whole of the Current 268.7, by the 
whole Number of Hours that the Ship was under Sail, 
diz. 130, the Quotient is the Miles that the Current 
lets in one Hour, as appears by the Operation. 


4 139 
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130 \ 268 700 / 2.066 
— 
9.00 2 


120 


Hence in Anſwer to what was demanded ; the Courſe 
fromAtc Bis „ . I. The Diſtance 291.6 Miles 


the oui ſc or the urtent is Eaſt od. 19m. Northerly, 


and its Rate or Motion is 2.060 Miles an Hour. 
Now if you would prove the Truth of the Oper ation 

you may eaſily dv it, by inverting the Queſtion, and 

. it as in the firſt Caſe of Current Sailing, thus; 

e Sip ſails South 5 Miles an Hour in a Current that 

fors Eaft 17 min. Northerly 2 7382 or 2.066 Miles an 


Hour, I demand the Courſe and Diſtance made good, 


ana you will find it produce S.S.E for the Courſe, and 


291.6 Miles for the Diſtance ; but I ſhall leave the Ope- 
ration for the Reader s Practice. 


Plea- 


Pleaſant and Uſeful 
Ka ESTIONS. 


D Thought to have added other Varieties of Queſtions | 
concerning Currents ; but this being but an Ap- 
pendix to a ſmall] Treatiſe, I fear if I ſhould pro- 
| ceed, I ſhould exceed my intended Bounds, and there- 
fore ſhall add no more, ſuppoſing that by what is laid 
down the ingenius Student may eaſily Learn to Project 
and anſwer any other neceſſary Queſtion in that kind; 
I ſhall now proceed according to my Promiſe, to inſert 
ſome other Pleaſant and Uſeful Queſtions for the Rea- 
der's Improvement and Diverſion. 


Queſtion the F irſt. 


Pꝰͤyere is @ round Sea or Lake of an unknown Diameter, 
upon which the Wind is obſerved to blow always one Way, 
but upon what Point of the Compaſs is unknown ; upon the 
Coaſt thereof are two Ports A and B, diametrically oppoſite 
i each other, ſo ſituale that the Trade Wind blowing there, 
wil be ſomewhere upon the Larboard Quarter, during 
their ſailing from A io B, but bow many Points abaft the 
Beam is unknown, the Courſe and Diſtance between the 
two Ports is alſo unknown. A Ship at A in ending 
for B. was no Jooner got out of the Harbour, but foe was 
| aſſaulted 


U 


| 
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aſſaulted by Pyrates, who after a long Conflict carried away 
her Main Maſt, Mizen Maſt, Fore Top Maſt, and alſo ber 
Rudder, and came aboard to Plunder, taking away ber Car- 


Joe, the Maſter's Books, Inſtruments, Charts, Compaſſes, 
Ke. being left in this Diſtreſs he ſets his Fore Sail, and 


having no Rudder, nor any more ſail to command ber with, 
lets ber drive Right before the Wind, till at laſt ſhe drove 
a. ore in a little Creek, altogether unknown by the Maſter, 


mor did be know the Courſe or Diſtance from this Creek, either 


to the Port ſailed from, or to the Port bound for: How- 
ever here he got ſuch Maſts and Sails as he had occafion ſor, 
ih a Rudder, and all that was neceſſaryto the working of 
a Ship, but could get no Books, Charts, Injtruments, or 


Compaſſes : I acmand what Means be muſt uſe to ROW bim- 
ſelf to the Port at B? 


| Anſwer. 


A at firſt Sight this | Queſtion ſeems ;mpoſſible 
to beanſwered from what is given, yet with a litti- Conſi- 


deration it is very eaſy : tlie Solution of it is grounded al- 


together upon the Thirty-firſt Propoſition of the Third 
Book of Euclid, where it is prov'd that an Angle in a Se- 
micircle, is a Right- angle, Sc. Now the two Ports A 
and B being propoſed oppoſite to each other, or in a Se- 
micircle, it will neceſſary follow that to what Place ſoever 
the Ship was blown from A, right before the Wind, 

and put a Shore, the ſame Wind 1 upon the Beam would 


carry her to the Port at B, as appears oy: the Fi igure 
annexed. 


The Angles ACB and ADB and AEB are 

2.75. all Right- angles by the Propoſition above 
named and cherefore if from A the Ship is 
blown before the Wind to C, 'tis plain that the ſame 


Wind continuing, (as is here ſuppoſed) the Wind muſt 


necds be upon the Beam from C to B, becauſe A C B 
is juſt Square or a Right-angle. 


Or, ſuppoſe the Wind blow from A to D, and the | | 


Ship driven betore the Wind, 1s blown a Show at D, it 
1s 


Pleaſant and Uſe ul Queſtions, . 347 
is plain that (the Angle ADB being a Right- angie) the 
ſame Wind muſt be upon the Beam from D to 1 
and for the ſame Reaſon, if blown before the Wind from 
A to E, the Wind will be upon the Beam from E to B; 
See the Demonſtration in the Book itſelf, viz. Euclid. 


Queſtion the Second. 


There is a round Lake, whoſe Diameter ir hs Miles, up- 
on the Coaſt of which lie two Ports, A and B, whoſe near- 
eft Diſtance in a ftrait Line is 120 py ora but their Bear- 
ing or Situation is not known : A Ship at A ſails. away 


Weſt a certain Diſtance, and then arrives at another un- 


known Port at L, whoſe Bearing and Diſtance hoth from 
A and B are unknown, and at the Port at L, the Maſter 


Fakes in Goods for B, I demand what Courſe be mf 8 10 
find the Port at B? 


Firſt, Draw the Circle KL M N to repre- 5 . 
ſent the Lake whoſe Diameter KM or LN Fig. 36: 
is 360 Miles, then aſſume any Point in the 
Circumference of the Circle, as at A, to repreſent the 
Port at A: then with 120 in your Compaſſes, the Diſ- 
tance of the Ports in a ſtrait Line, and one Foot in A, 
the other will reach to B, biſſect the Arch AB at N, 
| and thro' N and the Comme o, draw the Diameter No 

L, and the Right- Angles to it the Diameter KM, and 
draw the Line AB, then is the Line A B the Chord 
of the Arch ANB, and B q is the Sine of the Arch BN 
to the Radius K o equal to 180 Miles, the Semidiame- 
ter of the Lake. Therefore, 


As K o equal to Be — 
To Radius — — 


180 — 2.25527 
— 90 00 — 10.00000 


So Bg equal to half BA — 60 — — 1.77815 


0 Sine of the Angle B 0 q— 19.28 —— 9.52288 


The Angle B og 19.28 doubled is 38.56, the whole 
Argle Bo A (becauſe the Angles B and g o A, are 
equal. ) Now ſuppoſe a SUP at A fails Welt to an un- 


known 


* 
| 
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known Port at L, I have already proved the Angle 
AOB to be 38. 56, and therefore the Angle ALB is 
19.28, becauſe an Angle at the Center of a Circle is 
doubled to an Angle at the Circumference, by Euclid. 
Lib 3. Prob. 20; and therefore if from A to L be Ie /t, 
tis plain that from L to Bis Eaſt 19 Deg. 28 Min. 
Northerly, and that is his Courſe from L to B. | 
Or, for Variety if you ſuppoſe the Port at S to be the 


Port jailed to, and _ trom A to Sis Veſt, then from 8 


to B will be /eft 19 Deg. 28 Min. Northerly as before, 
for the. Angles ALB and ASB are equal, as is ſufficient - 
ly demonſtrated in Euclid's Elements in che foremen- 
tioned Propoſition. 


Queſtion the Third. 


A Fleet of Ships with four Men of War, with Vind at- 
W. by S. ſails away S. E. 3 Miles an Hour, till bearing of 
ſome Pyrates to the Northward from them, the Commodore 


l ſends out a Man of War a Cruſing, who ſails du? North 77 


Miles an Hour, for the Space of 11 Hours, and jinding the 
Pyrate, be (after an Hours Conflit) took him, the Fleet all 


the while ſailins S. E. 3 Miles an Hour. Now I demand 


what Courſe the Man of War and the Pyrates muſy ſicer, 
that they muſt juſt fall in ci the Flet, without altering 
er, Courſe, ſa ef they fail 7 Miles an Hour. 


Fig. 77. : 


Geometrical Conſtruction. 


Firſt draw the N. wth and South Line C * continued to 
B, then from A (the Place where the F leet was when 


they heard of the Pyrates) ſet off the S. E. Line AE; 


then becauſe the Cruiſing Man of War ſailed 7 Miles | 


an Hour North, for 11 Hours, viz. 77 Miles: Ser off 
77 Miles from A to B, alſo becauſe the Commodore 
ſailed 3 Miles an Hour in 11 Hours that the Man of 
War was in Chaſe, and the one Hour that he was en- 
gaged, in all 12 Hours, which at 3 Miles an Hour is 
Ty Miles S E. which ſet from A to D, then is the Com- 

modore 


*. f * 5 
oC? * Cd 
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modore at D, and the Cruizer at B, when the. Cruiſer 
ſet fail after the Commodore : Now becauſe the Line 
AE. is South Eaſt, or 45 Degrees, the Angle BAD is 
135 Degrees, the Side AB is 77, and the Side AD 26, 


you may find the other Angles by Caſe the fourth of 
Oblique Plane Tr 5 thus, 


Co. Ar. 
As the Sum of the Sides — —— 113 — 7. 94093 
To Difference of the Sides —— — 41 — 1.61278 


So Tangent half Sum unknown Angles 22.30 9.61 bin 


To Tangent of half Difference — 8.33 9.17693 


Hence the Angle ABD is 13.37 and the 
Angle ADB is 31.3, to find the Side BD by Fig. 77 
Caſe the Second of — Plane Triangles. 


Co: Ar. 
As S. ADB — — 31.3 — 028753 
To Sine AB — 77 — 1.649 
So is S. BAD — — — 135.0 — 9.890 


1 


To Side BD 105.5 -— 2.02350 


Alſo the Angle ADB being 31.3, the A BDE 
muſt be 148 57, and although the Sides BE and DE be 
not given, yet their Proportion to each other is given, 
viz. As 75 is to 3; ſo is BE, to DE, therefore, 
Co. Ar. 

As Side BE — 7 — 9.15491 


JI 0 Sine of Angle oppoſite BDE 148.57 — 9.71247 


So is Side DE 1 — 0.47712 


ro Sine of Angle oppoſite DBE 12. 46 7444775 5 


The Angle BLE being 148.57, and DBE 12.46. 
DEB muſt conſequently be 18.17, then you have 
given the Angle BED and BDE, and the Side BD 


to 


. 


| 
I”. 
* 
i 
L 
p 


| To Side oppoſite BE —— 17 2.4 
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to find the Side BE, the Diſtance failed by the Cruiſer 
before he met war the F leet. 


5 Co. Ar. 
As Sine BED —2 — 417 0.50347 
To Side c og DB — 105 5 — 2.02325 


So Sine of BDE — — 148.57 — 9.71247 


— 


2. 23919 
The whole Angle ABE 0 43 1s the Courſe from the 
South Eaſtward, or S. S. E. 4d. 13m. Eaſterly the Cruiſer 


muſt fail to fall]! in with the Fleet, and his Diſtance 173, 4 


Miles before he comes in with them, which at 7 Miles 
an Hour, would require 24 Hours 48 Min. nearly in 
which Time he will fall in with the Fleet? 


Queſtion the Fourth. 
Plate 8. Fig. 78. 


0 855 Y from one Port ſails between the South and 
We: the Wejtermoſt Ship's Departure was 47 Leagues 


more than the Eaſlermeſt, fp the Zaſtermoſt Ship's Diffe- 


rence of Latitude waz 30 Leagues more than the Weſter- 
moſt. Their Diſtance was equal, namely 11 5 Leagues, 1 


demand both their Courſes, Difference of Latitude and De- 
5 pariu; , according to Plaue Scilins. 


Ceometrical Construction. 


Draw the North and South Line GC, and Perpendi- 
cular thereto the Line DH, to cut GC at Right-angles 


in E (both drawn at Length at Plcaſure) from the In- 


terſcction at E upon the Line DH fer the Difference of 


the Departure 47 from E to D, (towards the Left-hand, 


becauſe the Ships ſail in the South Welt Quarter) and 
the Difference of ther Latitudes made good, viz. 30 


from E to C, ſo ſhall D repreſent the Weſtermoſt Ship, 


and C the Place of the Southermoſt. Take the D. ſ- 
1 | _ tance 


: 
__ 221 
* ac — — 
#4 


— —— 


to 


| 


I 


5 4. 00 


Ag od. |. 


BE 
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apaſſes, and ſetting one 
, and with the ſame Ex- 
boſs the ſame Arch in A, 

failed from. Draw the 
DH in H, and from C 
draw the Perpendicular 


Triangle ADC into two 
and ALD, and then Is 


lculation. 

n, 

Ares — 45 
nd S. ing EC 30. 
and the Henn. by 
les by Caſe VI. 

— 47 — 1.67209 
90  10.00000 


3 — 1.47712 


— 32 33 — 9.80803 
JC, by Caſe 7. 
32d. 33m. — 9.7308 f 


— 3 — 1.47712 
90 — — 10 00000 


— 


— 55.8 — 1.74631 


Z being divided into two 
perpendicular AL, there 
Triangle ALC, the Side 
votenule AC 11 153 to find 


As 


=, 


nt mY 12 ad * * 8 CZ} — . * 4 
- Far . 0 >. yy * RAE, a 
3 EI o— . * 
— 
2 * 
« 
— 
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tance 115 Leagues in your Compaſſes, and ſetting one 
Foot in D deſcribe the Arch A, and with the ſame Ex- 
tent, and one Foot in the C croſs the ſame Arch in A, 
then is A the Place the Ship ſailed from. Draw che 
Line AB parallel to GC to cut DH in H, and from C 
draw CB parallel to DH. Alſo draw the Perpendicular 
AL, to divide the Iſcoſceles Triangle ADC into two 


Right-angled 1 ALC and ALD, and then is 
the — finiſhed. 


Aritbmetical Calculation. 


ts the Triangle DEC i 18 given, 

The Difference of their Departures DE — — 47. 
The Difference of their N. ing and S. ing Ee 30. 
To find the Angles by Caſe 6, and the ny by 


- Caſe * 
And firſt for the Angle by Caſe VI. 
As DE — - —— — 47 — 1.67 209 
To Radius — — 90 10.00000 


So is EC — — — — 30 — 1.47712 


— U 


1 Tang. of the PAT CDE - — 32 33 — 9.80503 


For the Hypotenuſe DC, by Caſe 7. 


As Sine of che Angle EDC — 32d. 33m. — 9.73081 
To Side EC — — — 30 — 1.47712 
So Radius — — 90 — — 10.00000 


To the Hypotenuſe DC. — — 55.98 — 1.74631 


The Iſcoſceles Triangle DAC being divided into to 
Right- angled Triangles ; by the Perpendicular AL, there 
is given in the Right-angled Triangle ALC, the Side 
IC (half of DC) 27.9, the Hy potenule AC 115, to find 
the Angle AC by Caſe 4. 


As 
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As AC — — — 115 —— 2.06069 


To Radius — —— 4 — _10.00000 


— — 


To the . of the Angle LAC, 14d. zm. 9. 38491 


The Angle I. AC. 14d 3m. ſubtracted from 9o, 
leaves the . . 


The Angle CD is 324. 33m which ſubtracted from 


90, leaves the Angle DE, 37d 2m. 


From the who'e Angle Dea \ (LCA) 75d. 9”; 


Subtract the Angic E ——— 57 27 


Reſts the Angle E K — | 
Tlie Angle ECK, is equal to the Angle (AB; be- 


cauſe 43 and EC, is equa! to the Angle AB; be- 


cauſe AB and E are parallel, Euclid. Lib. 2 Prop. 29. 


Therefore in the Triangle AB“, is given A 113, to 


find AB the Difference of Latitude and 3. the Depar- 
ture of the Southermoſt Ship, by the firſt Caſe of Plane 


Sailing. 


As Radius — 90 — 10.00000 
To the Diſtance —— — 113 — — 2.06069 
So is Sine Comp. Courſe —— 71d 3om. 9. 9295 


To Diff. Lat. „ 2.03764 
For the Departure BC. my 
As Radius 8 — 90 = 10.00000 


JI 0o the Diſtance ——— — — 115, —— 2.06069 
So Sine of the Courſe 


18d. 30m. 9.50147 


To the Departure BC ———— — 362 1.56216 


The firſt Ship's Courſe is South 18d. 30m. Weſt, 


TO which add the who le Angle DAC 28 = 
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The Sum is the ſecond Ship's Courſe DAH, which is 
South 46 36 Weſt, 


The firſt Ship? s Diff. Lat. is 8 109 
From which ſubtract the Exceſs HB 
equal to EC — — — 30 


Reſts the ſecond Ship's Diff. Lat. AH — 79 


— 


The firſt Ship's Departure is CB equal 
_tEFH —— 365 
To which add DE the Exceſs —— — 47 


— — 


Sum 1 is te ſecond Ship* s Depart. DH — 832 


(Courſe South 18d. zom. Weſt 
Firſt Ship's < Difference of Latitude 109 
rs. Departure — 362 


C Courſe South 46d. 36m. Weſt 
Sec. Ship's * 


Difference of Latitude — 79 
8 835 


Departure 
Queſtion the Fifth 


The Diſtance and Difference of Latitude in one Sum | 
given, and the Departure alſo given, to find the Courſe, 
and alſo the Difference of Latitude and Diſtance ſe⸗ 


verally. 
Example. 


Let the Diſtance and Difference of Latitude together 
be 140, and the Departure 79, to form the Triangle, 
and find as above. 


| Geometrical Conftrutiion 


Draw the Right- line AC 140, e equal to Plate 8. 
the Sum of the Diſtance and Difference of Fig. 79. 
Latitude, and at the End thereof c draw 


c d, n to A c, upon which ſet off the Depar- 
Aa | ture 


4 


2 


D — 
"HEE ̃ —— 


* 0 
— 
TREE 
PER. - > - 


——— 
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ture 79 from c to d, and draw A d, which divide into two 

equal Parts in g, and from g, erect the Perpendicular 
g 6 to cut A c ſomewhere in h, and from h, draw b d, and 
then is the Diagram finiſhed, and c is the Difference of 


Latitude; 5 4 the Diſtance, and c d the Departure. 


Demonſtration. 


For the Triangles Ag 5 and dg barealike and equal, 
(Euclid. Lib. 1 Prob. 24.) becauſe A g is equel to g d by 
Conſtruction, and g & is common to both Triangles, 
hence d 4 is equal to A 5b, and the Angle g A 5 equal to 
that of g & d, but the Angle dc is equal to both g A 5 
and gd Euclid Lib. 1 Prob. 32, therefore d Ac(gAb 
s juſt half the Angle of the Courſe from the Meridian) 


and from hence we may form this Univerſal Proportion 


for the Solution of Queſtions of this Data. 
As Diitance and Difference of Latitude in one Sum : 


To Radius:: Departure . the Tangent of half the 


Courſe, which Angle doubled is the Courſe required, 


Ind the reſt is found by Caſe the Third of Plane Sailing. 


Example. 


As Dit. and DiF. Lat: together — 140 3 2. 146 12 
To Radius — 


— — — 90 10.00000 
So Departurekꝛꝑ— — 79 1.89762 
To Tangent of — — 29 26 9.73150 
Which doubled is ——— — 58 52 the Courſe 
required. 95 25 
ns Then, 


Az Sine of the Come. ot 82 9.00045 
To Departtre — 79 1.89762 
So Radius — — 90 — 10.00000 


— 


To the Diſtan cet — 92 3 : 1.96517 
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To the Diſtance — 92.3 — 1.96520 

So Sine Comp of Courſe — 31.8 — 9.71351 


To Diff. Latitude — — 47.7 — 1.67871 


The Truth hereof may be further proved by adding 
the Difference of Latitude —— 47 : 7 


To the Diſtance mag 92 : 3 
The Sum is — 140 : © 


agreeing with what was firſt given, and proving the 
whole to be right. 

„MF; Queſtion the Sixth. 

' Diſtance and Difference of Latitude in one Sum given, 
with the Courſe alſo given to conſtruct the Diagram to 

find each ſeverally. „„ 
Me refer in this to the Figure of the laſt %% g. 
Queſtion, it being the ſame when finiſhed. Fi 3 
Let it be given as before, vix. Diſtance and . 79. 
Difference of Latitude in one Sum 140, and the Courſe 

South 58d. 52m. Weſt, to find the reſt, 


Geometrical Conſtruction. 


Draw A © 140, and c erect the Perpendicular c d at 
Pleaſure, make the Angle at A equal to 29d. 26m. (viz. 
half the given Angle 58d. 52m.) and draw A d to cut 
dr ia; divide A d into two equal Parts in g, and draw 
g 5 perpendicular to A d, and to cut A c in 3, draw 34 
and then the Scheme is finiſhed, the Demonſtration 
of which is the ſame as in Queſtion the Fifth. 


OO dithmetical Calculation. 

The Angle c 4 d is 58d. 52m. therefore c d & is 31d. 
8m. to which add 5 d g (equal tob A g) 29d. 26m. the 
Sum 6od, 34m. is the one Hagen A Ac, therefore, 

| a 2 | As 


$I"... Sj 
» * = 18 


— — - — — 0 — 1 
A % In — , 


— ů — 
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As Sine of ade -—— bod. 34m. — 0.06002 


To Side oppoſite —— 140 — 2.146 
So Sine of das — 29 26 — „ 


To Departure c 4 | — 79 . 1.89758 


The Diſtance and Difference of Latitude is found as 
in Queſtion the Fifth, and need not be here repeated. 
Queſtion the Seventh, 


Given all the three Sides, viz. Diſtance, Difference of 


Latitude and Departure in one Sum, the Courſe alſo 

given to form the Scheme, and find each ſeverally. E 
© Suppoſe the three Sides in one Sum be 157, and the 

Courſe South 32d. Weſt. Eo 


| Geometrical Conſtrufion. 


Plate 8. Draw the Line a bcd157, and from a draw 
Fig. 80 a e, to make with à d, an Angle of 16 Degrees, 
59  (equal'to half the given Courſe) alſo from d 
draw d e to make with ad an Angle of 45 (always) at 
d, and continue d e till it cut a e in e. From e let fall the - 
Perpendicular e c upon the Line a d, divide a e into two 
equal Parts in g, and from g draw g 6 perpendicular to 
ae, and to cut a d any where, as in 6, and draw 3 e, and 
the Diagram 1s finiſhed, an 


Demonſtration. 

The Triangle ag 5 and e g B are ſimilar, (Euc, Db. . 
Prob. 24.) becauſe e g is equal to g 4 by Conſtruction, 
and gb is common to both Triangles, and the Angles 
eg b, and a g h are right.; therefore g 4 b is equal to 

2 but both theſe Angles together, are equal to the 


Angle eb c, (Euclid Lib. 1. Prob. 32.) and ſince the 


Angle aeb (gab) is half the given Courſe by Conſtruc- 
tion; e b c is the true Courſe, and conſequently e þ equal 
| to 
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to 5ᷣ 4 the true Diſtance, and becauſe c d is the Remain- 
der of the whole Line that includes all the three, the 
Departure muſt be equal to it, and therefore the Line de 
is drawn at the Angle of 45 with da (d c) becauſe ec is 
to be equal to c d, and then is a proved equal to h e, and 
þ c is the Difference of Latitude in the Queſtion : Alſo 
ec is equal to cd, becauſe their oppoſite Angles are e- 
qual: Therefore the three Sides of the Triangle þ c e are 
equal to the whole Line a d, and the Angle e 50 is equal 


to the given Courſe 32 Degrees, which was to be de- 
monſtrated, 


Arithmetical Calculation. 


We may obſerve, that the Angle g e equal to ga , 
is half the Courſe, and h e c is the Complement of the 
Courſe, and c edis an Angle of 45 Degrees, and theſe 
three include the whole Angle à e d in the Triangle a ed, 
from whence we may deduce this general Proportion, 
for all Queſtions of this Data, , 
Add half the Courſe, the Complement of the Courſe, 
and 45 Degrees together, and ſay, 

As the Sine of thoſe three Sums is to the Sum of the 
three Sides; ſo is the Sine of half the Courſe, to a fourth 
Term. And as Radius is to that fourth Term ; ſo is 
the Sine of 45 to the Departure. | 

The Courſe being given, and the Departure thus 
found, the reſt may be obtained by the Common Caſes 
of Plane Sailing. 


Example in the preſent Queſtion, 


. ” d. m. 
| Half the Courſe geb 1 to ga 0 — 16 0 
Complement of the Courſe ec — 58 0 
Angle ce d equal to e 4c. — 45 


— 


bum is the whole Angle 2e “ — 119 0 
A a3 Then, 


. 
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. hen, 
Co. Ar. 


As Sine of ae d —— 119d. om —— 0.05818 
To Side oppoſite a 4 — 159 -—— — 2.19590 


So Sine of the Angle a 16.0 —— —— 9.44033 


—— — — ů 


To Side oppoſite e 4 49.5 — — 1.69441 


Then in the Triangle e c d. 


As Radius —— bo 10.00000 _ 
9 


Joe s — — 49.5 — — 1.69460 


So Sine of e 4e — 45.0 — — 9.4945 : 


To Departure e e —_— 7 —__ 1.54408 


In the Triangle eb c is given the Courſe ebc 32 2d. 


. A om. and the Departure ec35, to find the Diſtance e. 


As Sine of the Courſe 32d. om — 9.72421 


To . N — 35 — 18 


— — — 


To the Diſtance ; e — 66 RR 1.81985 
From the Difference of Latitude. 


As Radius — 90 — — 10.00000 


To the Diſtance 5e — 66 — — 1.81954 
So Sine Comp. of Courie 38d. om. — 9 92842 


To Diff. Latitude 3 c — 56 — — 1.74796 
Diſtance =—— 66 


; —— — 


Sum —— _ 157 as was firſt given 


From 
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From what hath been ſaid, we may reduce a general 
Rule for ſolving all Queſtions, whether in Right- -angled, 
or Oblique-angled Triangles, where the three Sides in 
one Sum are given, and the Angles alſo are given, viz. 
Draw a Line in Length equal to the three Sides in one 
Sum, and from one End thereof, draw a Line to make 
with the former, an Angle equal to half of any of the 
given Angles; alſo from the other End, draw a Line 
to make with the firſt an Angle equal to half of another 
of the given Angles ; continue theſe Lines till they in- 
terſect each other, then for the Middle of each, draw a 
Perpendicular to cut the firſt Line, then Lines drawn 
from the Interſection of the Perpendiculars to the firſt 


Line, to the Interſection of the two Lines, drawn from 


the End of the firſt, ſhall form the Triangle bs 
whether OT ge or Oblique. 


— xample. 


Queſtion the Eighth. 


There is an Oblique Triangle, whoſe three Sides in 
one Sum is 120, and the three Angles are 40, Go, and 
80, the Sides are required ſeparate] 7. 


| | Geometri cal Conſftrudti on. 
Draw the Tins a d 120, the Sum of the Plate 8 
Sides, and from a draw à f,, to made with Fi T 
ad an Angle of 30 Degrees, viz. half the 
Angle 60, and from d draw d F, to make with da an 
Angle of 40 Degrees, viz. half the Angle 80, continue 


d f till it cut a F inf; divide f d and f @ equally in e and 
g, and draw the Perpendiculars e c and g , to cut a d 


in hand c, from þ draw 6 f, and from c draw ht then | is 
C the Triangle required. 


Demonſtration. 


For the Angle f c h is double to f d c, becauſe equal to 
c e and c d e together (Euclid. Lib. 1. Prob. 32. ) and 
A a4 the 


Wy 4. 


To Side ad . 120 | 


To Sidefd ——- 638 
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the Angle cy e is equal to c de, becauſe their oppoſite 
Sides are equal; but the Angle fdc is 40 Degrees by 


Conſtruction, therefore f c is 80 Degrees. By the 


ſame Rule Fh c is 60 Degrees, becauſe f a h is 30 by 
Conſtruction ; therefore Fe is 40 ( Euclid Lis. 1. Prob. 
32.) and beeauſe @ þ is equal to bf, and c d equal to cf; 
therefore bc, cf and f þ taken together, will be equal to 
the Linea 4; and bf c is the Triangle required. 


Arithmetical Calculation. 


Hence as the Sine of one Angle, added to half the 
other two, to the Sum of the three Sides ; ſo is half one 
of the other Angles to a fourth Term: Then as the 


Supplement of the other Angle to 180, is to that fourth 


Term; ſo is the Sine of half the ſaid Angle, to the Side 


next it. 


Example. 
The Angle a f bis halff h c, becauſe fab is half 


f b c by Conſtruction; andaf is equal to F a h, becauſe 
their oppoſite Sides are equal, and for the ſame Reaſon 


c fd is half fc; but af with bf c and e fd make the 
whole Angle a fd; then as the Sine of a f d, to Side a 4 
(the three Sides in one Sum) ſo is the Sine of f a d 3o, 


(becauſe half of f þ c by Conſtruction) to the Side Fd; 


then as Sine of f c d (the Supplement of fc to 180) is 
to F d; ſo is the Sine of f dc 40 Degrees to the Side fc, 


which being found the reſt are alſo eaſily found. 


So Sine of fa d 


d 
AG -.302. 


260 Pl 


the Angle cf e 
Sides are equal : 


Conſtruction, tl 


ſame Rule fc 


Conſtruction; 


32.) and beeauſ 
therefore bc, c 
the Line a d 6-4 


Hence as th 
other two, to 1 
of the other A 
Supplement oi 
Term; ſo is 


next it; - 


The Angle 


Fc by Conft 


their oppoſite 
c Fd is half F 
whole Angle 


5 (the three Sic 


(becauſe half 
then as Sine < 
to f d; ſo is 
which being: 


As Sine of a 
To Side a 4 


So Sine of f 


To Side f 4 


Plate. 8 
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Co. Ar. 
As Sine of f ed == . om. —— 0008665 


To Side fd — 638 — — 1.80482 
So Sine of fd — 40.0 — — 9.80806 


—— — — 


10 Side 77 41.7 — 1.61953 


| Co. Ar. 
As Sine of f þ « —— od. om, —— 0.06247 
To Side f c 417 — — 1.62013 
So Sine 2 1 — 80.0 — — 9.93335 


N —ůů— ——— — 


ro side !?!! 


| — Co. M.. 
As Sine of fc —— 6od. om. —— 0.06247 
To Side fo -— — 41.7 — — 1.62013 
So Sine fo — — 40,0 —— — 9.80806 


To Side & c — 30.9 — 1.49066 


The Beſs — a4 
The Side fo —— — 41.7 
The Side 5e — — — 309 


The Sum 120, agreeing with what was given, which 
ſerves as a Proof of the whole Work. 


CHAP. 


+«34 : 
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New and Exact METHOD, 


For finding the Longitude in any Place 
of the Wok lp, any Day at Noon, when 
the Sun can be ſeen, without any Re- 


gard to, or Dependance upon the Dead 


Reckoning. 


: T H E often attempted, but never accompliſh'd 


Work of finding the Longitude by an Ob- 

ſervation is a Difficulty, which hath hitherto 
prov'd Inſuperable, even to the beſt Mathematicians in 
England, and elſewhere, although ſince the late Act of 
Pailiament, many have exerted their utmoſt Induſtry 
for the attaining of that End, ſome of whom have been 
ſo far from compleating their intending Deſign, that 


they have on the other Hand, rather rendered them 


ielves and their Works rediculous, by publiſhing ſugh 
Improper and Improbable Methods, as a certain Ar- 
tit hath done, (if he deſerves that Name) by certain 
fixed Stars choſen for each Time of the Year, Sc. 


Whereas 
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Whereas it is evident, that a fixed Star may come up- 
on the Meridian of any Place, at (or rear) the ſame Hour 
of the Day, that the ſame Star ſhall come upon the Me- 
ridian of London, although not at the Tame Inſtant of 
Time, but ſooner or later, 3, 4, 5, or 6 Hours, Sc. ac- 
cording as the Place is more or leſs diſtant Eaſt or Weſt 
from the Meridian of Longon : But if there be thatDif- 


| ference in Hours as to the Time of a Star's coming up- 
on theſe two different Meridians, there is alſo the ſame 
Difference in Hours between the Time of the Day or 


Night at London, and that under that Meridian; a South 


Sun in both Places making 12 o'Clock; and *tis very 


evident that at the ſame Time of the Day or Night, 
that the Star comes upon the Meridian of London, it - 
ſhall be the ſame Time of the Day or Night under any 


other Meridian, when the Star comes upon that Meri- 


dian, excepting ſo much as the Sun's Right Aſcenſion 
is increaſed in the Time of the Sun's paſſing from one 
Meridian to the other, which will cauſe the Star ro come 


ſo much ſooner upon a Weſterly Meridian than upon an 


Eaſterly : But this being ſo little, being but about 4 
Minutes of Time in 24 Hours, or 360 Degrees of Lon- 
gitude, and but 1 Minute of Time in 90 Degrees, it is 
1mperceptable ; and yet (that ſmall Allowance excepted) 
there is no Difference berween the Hour of any fixed 
Star's coming to the Meridian of London, and the Hour 
of the ſame Star's coming upon any other Meridian, be- 
cauſe the Sun's Motion makes the Hour of the Day, 
and the Star muſt needs come upon the Meridian the 


| fame Quantity of Time after the Sun in both Places. 
| apy if we could certainly know what Time of the 


ay or Night it is at London, when the Sun or any known 
Star is upon the Meridian of any other diſtant Place, 


5 the Longitude might be eaſily and exactly found; in 


order to Which let the Maſter provide a good Glaſs, 
which may run exactly 24 Hours, or rather a good 


Watch, that hath been obſerv'd aſhore, to keep a true 


and equal Motion, this Watch ſer to the Time of Day 
when 
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when you depart from ary known Meridian, and kept 


going, will ſhew the Difference of Longitude, that you 
make whether Eft or Weſt; for Example, if you fail 


 Weſtwards, obſerve juſt when the Sun is upon the Me- 
ridian, and ſee what Hour and Minute it is by your 
Watch, (which if you fail Weſtward it will be paſt 12) 


for theſe Hours and Minutes which the Warch is paſt 
12 when the Sun 1s upon the Meridian, reduced to 
Degrees and Minutes of the Equator, allowing 15 Degrees 


to one Hour, and one Degree to every 4 Minutes of 
Time, and 15 Minutes of Longitude to one Minute of 


Time, hall ſhew the true Difference of Longitude. 


Note; ; If you ſail Eaſtward, your Watch wi!l want 


ſomething of 12 a Clock, when the Sun is upon the 
Meridian, becauſe then you meet the Sun, and have 


him upon your Meridian, before he comes upon the 
Meridian of London; in this Caſe obſerve how nur“ 
your Watch wants of 12 a Clock, and that reduced as 

before, gives your Difference of Longitude Eaſterly: 
This in general is the Method that I ſhall recommend 
to the World for this End. 


But I know it will be ſtats objected, that chis is 
no new Thing, nor is it practicable at Sea; for ſome 


that have attempted to keep an Account of their Lon- 


gitude this Way, have tound themſelves in an Error, not 
finding the Difference between the Watch and the Sun, 
when reduced as above, to give the Difference of Lon- 
gitude which they were (for ſome Reaſons) pretty con- 


fident they had made, and this Error they impute to the 


Watch, and hence have inferred, That a Watch will 
not go fo truly and regularly at Sea as on Shore, by rea- 
ion of the ſalt moiſt Air that impedes its Motion or 


makes it uncertain, according to the Variableneſs of the 
Weather, and thereby renders this Method for finding 


the Longitude impracticable. 


1 anſwer, do not believe at all that this Error i is 
to be imputed to the Watch, if carefully kept, which 


28 may eaſily do, if you provide a little ſquare or round 


Box 
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Box about four or five Inches broad, and have it filled 


with fine Cotton, taking Part of the Cotton out, and 
putting the Watch towards the Middle of the Box up- 


on the Cotton you leave in the Box, and put thc eſt 


that you tock out upon the Watch, and ſhut the Box, 
keeping it in ſonie dry Place, as in your Cabbin, or up- 


on ſome Shelf near your Bed: I queſtion not but a good 


Watch ſo kept would go as true at Sea as a- ſnore. 
But I ſuppoſe the Error which hath been obſerv'd, 


and which hath cauſed them to deſiſt from making any 


Attempts to find the Longitude this Way, is for Want 


of a right Underſtanding of the Equation of Time, 


without which it i; impoſſible to keep a good Watch 
right, or even to ſuppoſe it ſo to be either at Sea or a- 


ſhore; for a good Watch (or Clock) divides the Time 


equally, but the Sun, by Reaſon of ſome Inequalities in 


his Motion divides the Time unequally; ſo that if the 
Sun and a true Watch be ſet together at ſome Times in 
the Vear, yet the Watch will at other Times differ 10, 


12, yea, ſometimes 16 Minutes from the Time given 


by the Sun, and yet no Fault in the Watch, and there- 


fore it is very evident that if for finding the Longitude 
you only obſerve the Time of the Day given by the 


Watch, without regarding this Equation, eſpecially 
when the Equation is great, as 15 or 16 Minutes, you 


will be ſo much wrong in your Account of Longitude, 
as thoſe 15 or 16 Minutes reduced to the Equator a- 


mounts unto, viz. about 4 Degrees of Longitude, which 
iS a«. intolerable Error, and might be prevented by al- 


lowing tv. «6 Equation of Time. 


For further IIIa. tion hereof. ſu f 3 's ä 
1 . 2 _ nereor, luppole you ſet your 
Watch with the Sun the n Day of June, that the E- 


e ſame Time, and 


quation is nothing, being in Lonauu a. , 


. Sg | | ** . 
continue there 'till the 3d Day of Novize, wy will 


find your Watch to be got 16 Minutes behina &. Sun, 
from hence (if you do not know to the contrary) Youu 


might by the foregoing Rule conclude that you had 
1 altered 
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altered your Longitude 4 Degrees Eaſterly, but if tothe 
Vime given by the Watch, you add the Equation 16 
Min. the Sum is the true Time of the Day by the Sun, 
and proves you to be under the ſame Meridian that you 
were in when you ſet your Watch to the Sun; 
the Difference in Time, and conſequently the Diffe- 
rence of Longitude being nothing at all. 


/ 


3 5 a TABLE 
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A TABLE of the Equation of Time. 
JW 
= Jan. Feb. March | April | May June 
NM. S. M. S. M. S.|M. S. M. S. M. 8. 
Ir 14114 15112 e e en 56 
2| 4 4214 2212 35 3 403 222 48 
[3] 5 90114 n 2212 22] 3 20-2 39 
[4] 5 3614 3412 83 33 37 2 29 
56 474 38|11 54] 2 45| 3 43] 2 19 
16] 6 30[14 42|11 40 282603 4g 2 gf 
17] 6 5714 45|11 24| 29 9g| 3 53 18059 
867 2314 47|11 918813 57] 1048] 
19] 7 4814 4810 54| 1934] 4 1 I 237 
108 1214 4910 38] 1 17/4 41225 
111 8 37 14 4910 21 1 14 71 14 
129 214 4810 4| 0 G14 10 2 © 
13 9 £26 14 46 9 47] O 28| 4 11] 0 50 
14] 984814844 9,930] o 12| 412] o 37 
[5110210114841] 9813] 34873 0 25 
16108 3114737 88285 © 18 481200 13 
17 1 12150 | 14 232 >27] o 33 431100 of 
1818 9114 271 19 0 48 4 100 0 13 
%% $21 6x1, 214 8 0 26 
VVT 
21112 2114 7] 7. 25| 18284 35 52 
2212 1813 59 7 6 1841 4 012 4 
23112 30113 591 6 47] 1854/3 5618 
[4153 47173 411 0 WB] 246] 38 
125113 2]13 316 6 10] > 16| 3 46 1 43 
26 I'3 | 16 13 21 85 31 2 27 3 19 1 
2/13 28 13 10 5 32 2 38 8 34 2 gf 
28113 39% 59] - ral 2 483 28 | 
2913 48 4 55 2 4 3 2 20 
3013 58 4 5 * 5 32 
41124. 71 EL K ——— 
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| A TABLE of the Equation of Time, 
f . | | 25 : 
&S| July Aug uſt Sept. October Novem. Decem.| | 
. S. M. S. M. S. M. S. M. S. M. S. 
2 56 5 38 0 18 - 16117 59 10 20 7 
2] 3 7] 5 340 36/10 34j16 19 56 * 
[21-3 191 '$5 0 © 55110 - 52186 of 9 38 "4 
$13 307 5s 20] 1:--:34fx7.- x0 {05 -- 5906: $$} 
4.5]-3-4i}.5 20] i 34jrt 28115 5718 49 
613 $511 5 14] i1- gy3jar a5lis en 
. E 12132 2${15 80 3. 
$7.4: $75: $1-2::321]62- 1Bintg-47] 7. 25 
191 4 151 4 5214 2 52[12- 23105 411 © 59 
10 4 22 4 46 3 13/2 49/15 2506830 
1114 294 37 3 3313 445 29] 68 3 
12] 4 46] 4 28 3 3313 1815 215235 
13] 4 53] 4 18] 4 14/13 3215 13] 5 2 6 
144 58 0 488 4834/13 84615 314 38 
15] 55 783857 485513 8948534 9 
1665871303846 5215114 811(14 24103 40 
17] 518] 3234] 5236[14523114229| 3 10] 
18 5 24] 3 21] 5 5614 34/14 17 2 40 
19 5 29] 3 8| 6 17;14 44/14 3]2 10] 
200 5 33] 2 55| 6 38114 5413 49] 1 40 
21 5 36 2 42] 6 58 fi 413 -34| 1. 1 
22] 5 391 2 27] 7 % 13/13 3710 48 
gl 5 427 2 13] 7 39j6s 23183 0 0-12 
24 5 44 1 58| 7 59|15 2812 43] o 19 
23 5 45] 1 42] 8 19/15 34/½2 24] 0 849 
26 5 46] 1 26| 8 38|15 40½12 5018 19 
271.5 461-3. :.94. 8 71 E herd boa 45 819 
28 0 52 inn: nr 
29 ; 44] 0 IE: 7 53 rr 3 
777 F459 9 Of 2. 38 
F EI AY. | I5 58 2 3 45 
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This Equation of Time is cauſed by an Inequality of 
the Sun's Motion from Weſt to Eaſt, according to the 
Succeſſion of Signs; for the ſwifter that the Sun is in his 
Annual Motion from Weſt to Eaſt, the ſlower he muſt 
be in his diurnal Motion from Eaſt to Weſt, as in plat 
by the Figure. 

Suppen the Wheel AB CD E F to move 
round upon the Center G, once in 23 Hours, Plate g. 
according to the Order of the Letters ABC, Fg. 78. 
Sc. and in the ſame Quantity of Time, viz. 23 
Hours, a Snail creeps the contrary Way, from A to F; 
now although the Point A 1s come to the Place where 
It was, having gone once about, yet the Snail wants the 
Space F Aof a whole Revolution, and will not be got 
to the Top where A is, till A be got ſo far as the Point 
q, which will be about another Hour, and if the Snail had 
moved yet faſter, ſo that in 23 Hours ſhe had got from A 
to E, ſhe would have been yet ſo much longer in arriv- 
Ing at the Top, viz. about 25 Hours; from hence it 
is plain that the faſter the Snail creeps from A towards 
F. E, Sc. the longer ſhe is in coming to the Top of the 
Wheel moving the contrary Way; conſequently the faſ- 
ter the Sun moves from Weſt to Eaſt in his Annual 
Motion according to the Succeſſion of Signs, the longer 
he is in making one Diurnal Revolution; and although 
the Sun's Revolution from any Meridian to the ſame 
Meridian again always determines the 24 Hours, yet it 
is plain from hence that every 24 Hours by the Sun, is 
not exactly the ſame equal Space of Time, which in 
' Proceſs of Time makes a ſmall Difference between the 


Sun and a good Watch, to adjuſt and rectify which, the 


aforeſaid Equation of Time has been inveſtigated. 
This Inequality of the Sun's Motion proceeds from: i 
Two-fold Caufe. 

The firſt Cauſe is the Obliquity of the Ecliptick, 
making an Angle with the Equator of 23d. —29m. or 
thereabouts ; now the Ecliptic being properly an Ob- 


lique Circle, the Poles of the Equator, and not of the 
| Bb Ecliptic 
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Ecliptic, being the Poles of the World, and the Cen- 
ter of all Diurnal Motion, the Right Afcealion of the 
Sun muſt be accounted upon the Equator : And hence 
it is maniteit, that even thy? the Motion of the Sun in 
the Ecliptic was always equal, yet this Motion from 
Weſt to Eaſt, or his Right Aſcenſion accounted upon 


the Equator, could not be ſo much, or Increaſe 6 faſt 


in Aries or Libra, where the Ecliptic makes an Angle of 
23 deg. 29 min. with the Equator, as in Cancer and Ca- 
pricern, where the Sun's Way in the Ecliptic i is nearly 


Parallel to the Equator. 


Plate 9. For Illuſtration of what has been ſaid, ſup- 


Fig. 79. poſe the Live ABCD to repreſent half the E- 


quator, and the Arch AFD, to repreſent half 


of the Ecliptic, now although the Segments A F, F E. 


and ED are equal, yet Perpendiculars let fall from the 
Points Fand E. upon the Line ABCD, at the Points B 


and C, do not divide that Line into three equa] Parts, 


from whence it is Phi: that the Sun's Right Aicenſion 
) is not fo much increaſed by his running from D to 
U, at ſo great an Obliquity to the Equator, as the Sun's. 
Right Aſcenſion CB 1s, in his running from E to FE, 

where his Motion is almoſt Parallel to the E quator; and 
then if his Motion from Weſt to Eaſt be ſwifteſt in the 
Tropics, for the Reaſon now given, his Diurnal Motion 


: muſt be flower by the firſt Demonſtration. 


But a ſecond Cauſe of this Inequality is occaſioned 
by the Eccentricity of the Sun's Orb {whether we allow 
the Sun or Earth the Motion it matters not, but in this 
Cate we ſhall impute the Motion to the Sun) which 
moyes in his Orb icmetimes nearer, ſometimes farther 


off from the Earth, by which Means, although the 


Sun's Motion in his Orb was always equal, yet it would 


appear to us to be ſometimes ſwifter than at other 


mes from Welt to Eaſt, and conſequently flower in 


his Diurnal Motion, as you fee demonſtrated in the 


@ lowing Figure, 


As 


v0 vT7 
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Plate g. Fig. 80. 

ts this Diagram ſuppoſe the Earth at the Center E, a- 
bout which is deſcribed the Circle ABGD, which is e- 
qually divided into 12 Parts, at the Points A, 1, 2. B, 3, 
4, Sc. repreſenting the 12 Signs which in themſelves are 
equally divided. Now it the Sun moved in the Circle 
ABCD, which is equally diſtant from the Earth its Cen- 
ter at E, his Motion would be regular and uniform, but, 
the Earth being not the exact Center of the Sun's Orb, 
makes the Diviſion of the Signs, although equal in 


themſelves, to appear unequal] to us: For the Ifluſtra- 
tion of which, ſuppoſe the Sun to move in the upper- 
moſt Circle, marked Y, 8, n, &c. whoſe Center is at 
the Mark O, and ſuppoſe the Earth at the Center of the. 


other Circle near the Mark E ; now although with re-. 


ſpect to the Center E, the Diviſions or Lines drawn from 


thence are equally diſtant in the firſt Circle, yet theſe 
Lines continued to the uppermoſt Circle in which the 
Sun is ſuppoſed to move, the Diviſions upon that Circle 
are very unequal, and therefore although the Sun's pro- 
per ſimple Motion ſhould be always equal, vet It 18 very 


plain that the Sun in Capricorn when neareſt the Earth, 


ſhall appear to us to run more ſwift, than when in Can- 
cer, in his Aphelion or greateſt Diſtance from the Earth, 


by Realon of the ſmaller Diviſion of the Signs, not that 


they are really ſo, but appear ſo to us, becauſe of the 
Nearneſs of the Sun's Orb to the Earth, as you ſee the 


Points Y and = are diametrically oppoſite to each other 


ſuppoling the Eye at the Center E, where the Earth is 
ſuppoſed to be, and the far greater Part of the Circle is 
above the Line Y, which yet contains but ſix Signs, 
and the far leſſer Part is below that Line which contains 


w. 


allo fix Signs, and yet the Signs equally divided upon 
that Circle, whereof the Earth is ſuppoſed to be the Center. 


Note; Tam not here undertaking to determine whe- 


ther the Sun or Earth be the Center of the World, or 


whether the Orbs of the Planets be Circular or Ellip- 
tical : for which Way ſoever it be, this Demonſtration 
B b 2 2 85 ſerves 
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ſerves to Illuſtrate what I am now upon, as to the Equa- 
tion of Time, and to let the Reader ſee ſomewhat of the 


SJ 


Reaſon thereof, which 1s all that is expected from this 


Diagram. 


Now the Occaſion of this Equation being Two-fold, 


as is proved, it is plain, that when both the Inequali- 


tics tend one Way, it alters the Equation faſter; as 
about the Middle of December, when the Sun is neareſt 


the Earth, he appears to move faſter from Weſt to Eaſt 


by the laſt Demonſtration ; and alſo Running then al- 


moſt parallel to the Equator, his Motion according to 


the Succeſſion of Signs, muſt be ſwifter, by the ſecond 


Demonſtration ; and therefore his Diurnal Motion or 


Revolution from Noon to Noon, muſt require more 
Time, by the firſt Demonſtration, and conſequently the 
Watches muſt now go faſter than the Sun; but in June, 


although that Part of the Ecliptic in which he is then, 


lies nearly parallel to the Equator, as in December, there- 


by accelerating his Eafterly Motion, to our Appearance ; 


yet his Diſtance from the Earth being then in Apbelion, 
helps to retard it, fo that the Motion or Alteration of 


the Equation, is not then ſo evident. 


From this Inequality, as grounded by the Teo 
Cauſes, are the foregoing Tables of Equation of Time 
calculated, which will ſerve for many Years, without 


any ſenſible Alteration. Their Uſe is ſo plain, that 


every Body may underſtand it; for find the Month at 


the Top of the Leaf, and the Day at the Left-hand, and 


in the common Angle of Meeting, you have the Equa- 
tion in Minutes and Seconds, whe ther 1t be too faſt or 


too flow ; as the Title [Watch too faſt or [Watch too 


ſlow] directs. 


And now for the Application hereof to the Ending of 
the Longitude: When you ſet Sail, obſerve in your 
able of Equation of Time, how much the Watch 18 
too Faſt or too Slow, and ſet your Watch to it, and not 


exaQly to the Time of the Day, unleſs it be when the 
E e is nothing. As for EE Suppoſe I am 


bound 


for finding the Longituds. 373 
bound upon a Voyage any Day, when the Equation 
found in the Table is Seven Minutes, and the Title 
[Watch too flow] I conclude from thence, That a good 

Watch ſhould be ſeven Minutes too ſlew, or behind the 
Time given by a true Sun-Dial, therefore I pur my 
Watch Seven Minutes behind Time given by the Sun, 
As, Suppoſe I ſet my Watch at 12 a Clock, I put it to 
53 Minutes paſt 11, or if I ſet it at 4, I put it to 53 
Minutes paſt 3, Sc. and laying it carefully by, as before 
directed it is fit for the Voyage. 

Suppoſe my Watch ſet at 53 Min. paſt 11, and I 


have fail'd ſeveral Days to is Weſtward of the Meri- 


dian departed from, but whether Northwards or South -- 
wards it matters not, finding the Sun juſt upon the Me- 
ridian ] look at my Watch, and find it 16 Minutes paſt 
3 o'Clock, and looking in the Equation Table, I find 
Watch too faſt 12 Minutes, therefore I ſubtract 12 
Minutes from the Time given by the Watch, 3 Hours 
16 Minutes, the Remainder 3 Hours 4 Minutes, re- 
duced as before directed, gives 46 Deg. o Min. The 
true Difference of Longitude; ; bur if it had been too 
flow 12 Min. you muſt have added 12 min. to 3 h. 

iim. . 
NMote; If you ſet your Watch exactly with the Sun 
when the Equation is nothing, it will always after that 
hold the ſame Equation found in the Table, whether 
too faſt or too ſlow, and the ſame Quantity, (if your 
Watch go right) and that is the Reaſon, that if you ſet 
your Watch when there is Equation, you muſt give it 
the Equation anſwering to that Day, (whether ſwift or 
ſlow) and then it will alſo hold the ſame Equation. 

If any Body will object, that if a Watch proves 
wrong and erroneous, it may cauſe a great Error to be 
contracted in this Way of finding the Longitude ac- 
cording to the Slowneſs or Swiftneſs of the Watch. 

I anſwer, That J agree thereto; but nevertheleſs when 
Watches, as well as other Inſtruments, are made by a 


good Workman, and ſold to a Gentleman for good and 
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ſubſtantial, it is commonly expected that they ſhould 
anſwer the End for which they are made and bonght ; 

and if we will ſuffer this Objection to prevail yet farther, 
]. anſwer, that with Reſpect tothe Latitude it may as well 
be urged, that if our Quadrants, Fore-ſtaves, or other 
Inſtruments for that Purpoſe were made wrong, we 
ſhould be much deceived in our Obſervations for the 
Latitude, and yet how few upon ſuch Suppoſitions will 
| fooliſhly deſiſt from the | ſe of thoſe Inſtruments for at- 
taining the Latitude; nay, ſo far are they from that, 
that when they find an apparent Fault in a Quadrant, 
they will obſerve carefully what the Fault is, whether 
Northerly or Southerly. and how much, thereby, to re- 
gulate their future Obſervations; and when all is 
Cone, you ſhall rarely find where there are man 

Quadrants, or many Obſervers aboard ef one and the 
ſame Ship, and Obſerving at one and the ſame Time, 


that all their Obſervations ſhall be exactly the ſame, but 
differ ſometimes 6, 8, 10, or 20 Minutes, or ſometimes 


more ; and yet theſe Differences are thought tolerable, 
and the Mariners continue to uſe theſe Means, and in a 
great Meaſure truſt to them notwithftanging ; for we 
muſt not expect to attain to Infallibility in any Reſpett, 
whilſc we are traverung this Terraqueous Globe 
Not that I would advife any Body to be too credulous, 
to take either Watches, or other Inſtruments, and 
un to them as the beſt, merely upon the Report of 


another, unleſs you know you have great Reaſon to de- 


pend upon the Credit of thoſe that Ap recommend them : 


But if you think to make ute of this Method for finding 
the Longitude at Sea, take a Watch along with you, 
that you have had ſome Experience of aſhore, and if 
you have found that your Watch has gone well aſhore, 
and yet fear, that for the Reaſon before mentioned ſhe. 


may not go ſo well at Sea, take her along with you up- 
on {ome ſhort Coaſt Vovage, where you can every now 


480 then obſerve whether ſhe keeps her true Motion at- 


£2 as well as aſhore, 3nd if you find that notwithſtand- 
ing 


bi 


7: 
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ing your keeping her ſo carefully, as before directed, 


the Clammineſs of the Sea-Air, does (as ſome ſuppoſe) 


retard her Motion, you may uſe Means to quicken her 
Motion as much as to counterballance her Dulneſs oc- 
caſioned by the Sea-Air, if any ſuch Thing be, (which 


I cannot believe, if ſhe be kept warm and dry, as be- 


fore directed) and by this Means 1 do not Queſtion but 
that this Method for hnding the Longitude might be 
rendered as eaſy and practicable as the common Me- 


thods now in ule, for finding the Latitude by Obſerva- 


tion, a Thing very deſirable, and therefore deſerves to 
be encouraged, and put in Practice. 7 
I know it is argued by Sailor's (and with a good Rea- 


| fon too) that in Places near the Equinoctial, the De- 


grees of Latitude and L.ongitude are fo nearly equal, and 


that the Mercator's Chart and Plain Chart, are ſo much 


alike, that Longit ude there need not be much regard- 


ed; but the greateſt Neceſſity for it, and Difficulty in 
attaining it, is in all Places nearer the Pole, eſpecially 


above 60 Degrees of Latitude, where a Degree of Lon- 


gitude contains not half ſo many Miles as a Degree of 


Latitude, which makes the Work more difficult. 

I anſwer, for the Encouragement of thoſe that would 
put in Practice what is here delivered, that the nearer 
the Poles that you come, and conſequently the leſſer the 


Degrees of Longitude are, the more practicable is this 
Method, and the leſs the Errors are that can be ſup- 


poſed to be contracted; for in a few Miles Weſting or 
Eaſting in Latitudes above 60, where the Degrees of 
Longitude are not half ſo much as a Degree in the Equi- 
noctial, you may much more ſenſibly and apparently - 
diſcern your Difference of Longitude, than nearer the 
Equinoctial. I have been myſelf running 5 or 6 Knots. 


due Weſt in Latitude 72d. 3om. or thereabouts, (I do 
not exactly remember, but it was in coming from 


Archangel, about the North Cape of Finmarł, the Cape 


itſelf lies in Latitude 71d. 25m. and we did not make 


the Cape coming Home) and in 24 Hours running, I 
B b4 could 
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could very ſenſibly diſcern that we had gained about 
Half and Hour; fo that when the Glaſſes were out for 
12 a Clock, (which we had formerly experienced to be 
very right) 1t wanted about half an Hour of 12 by the 
Sun, as ncar as I could compute, having no help bat 
the Ship's Glaſſes ro compute it by: The i h of 
which is alſo evident; for in Latitude 220. cin. there 
is but about 18 Miles to a Negree, and if we run about 
5 Miles that 24 Hours, which might be done at the 
| Rate aboveſaid, it would anſwer exactly to 7d. —3om. 
of Longitude, Which is juſt half an Hour in Time; and 
hence it is plain, that the Difference of Longitude by 
this Method is more perceptable in great Latitudes 
than near the Equinoctial. | 
And that the Errors here contracted are alſo Jeſs, 1s 
further evident; For ſuppoſe your Watch to be wrong 
by 4 Minutes of Time, this 4 Minutes, I confeſs, is a 
Degree of Longitude in all Latitudes, and in that Reſ- 
pect the Error is equal in all Latitudes. But when the 
Longitude comes to be reduced to Miles, tuch whereof 
60 makes a Negree of a great Circle upon the Earth, 
you will find that a Degree at or near the Equinoctial, 
is about 60 Miles, and therefore an Error of 4 Minutes 
in Time begets an Error of 60 Miles near the Equinoc- 
tial; but in Latitude 752d. 30m. aforeſaid, where there 
is but 18 Miles to a Degree, an Error of 4 Minutes of 
Time begets an Error of but 18 Miles in Diſtance; and 
further North where the attainingof Longitude is yet more 
difficult, the Errors contracted by this Operation will con- 
ſequently be leſs, an Error of 6 Leagues being as diſcern- 
able in Latitude 72d. 30m. as an Error of 20 Leagues 
near the Equinoctial; fo that although Sailing near the 
Equinoctial is commonly reckoned the eaſieſt in all other 
Caſes, yet by this Method the moſt difficult Caſes are 
become the moſt practicable and eaſy: And I think I 
may, without Preſumption, entitle it as uſeſul an Help 
for finding the Longitude as what has yet been offered, 
and may be very aſſiſting in that uſeful Subject, till (if 
pollble} the deſired Compleatment thereof be accom- 
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Of ASTRONOMY. 


HAVE in the former Part hereof, treated upon the 
Projection of the Sphere, and Spherical Trigono- 
metry Right-angled and Oblique, which may ſerve as a 
good Introduction to this Chapter; in which I ſhall "wy 
down all that Part of Aſtronomy, that 1s neceſſary in 
Navigation, and therewith conclude the Whole. 


SECT. I. 


Plate 10. Fig. 111. 
Aſtronomical Definitions. 


1 ſhall bring the Definitions under theſe five Heads, 
1. Points, 2. Great Circles, 3. Leſſer Circles, 4. Arches 
ö of Circles, 35 

1 1. Points. 


The Zenith is the Point directly over our . as 
Z, and the Nadir is the Point oppolite or directly under 

our Feet, as N. : 

The Poles of the 8 (commonly called the Poles 
of the World) are the North Pole P, and the South 
Pole 8, and the Poles of any great Circle are every Way 
90 Degrees diſtant from it, ſo the Poles of the — 
2K C are in the Points cc, &c. 


2. Great Circles. 


The Azimuth's are great Circles, which interſect one 

another 1 in the Zenith, and cut the Horizon at right 
Angles; as Z O RN and 2 d N. 
The Horizon is that great Circle, that divides the up- 

| per Hemiſphere from the lower, as H, A, O. 

. The 


* 
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The Equator divides the North Hemiſphere from the 
South as E, A, Q. the Ecliptic cuts the Equator at 
an Angle of 23, 29, as E, A, C, the Prime Vertical is 

the Eaſt and Weſt Azimuth as Z,A,N, The Meri- 
dians are great Circles paſſing from Pole to Pole, as the 
Primitive PESQP, or the Right Circle PAS, or the Ob- 


lique Circle PO S, Cc. The Meridians and Azimuths 
are infinite. 


3. Leſer Circles. 


Le eſſer Circles are commonly called Parallel Circles, 
becauſe they are generally Parallel to ſome great Circle; 
that the Parallel of Declina ion ZE © / is fo called, be- 
cauſe it is Parallel to the Equinoctial; from whence the 
Declination is reckoned either North or South. — 
The Tropic of Cancer is a Parallel of Declination 23d. 
29m. diſtant from the Equator Northward, and the 
Tropic of Capricorn at the ſame Diſtance Southward 
from the Equator. 
The Parallels of Altitude (by ſome called Almican- 
ters) are leſſer Circles Parallel to the Horizon, as 5 © e. 
The Artic Circle is Parallel to the Equator, diſtant from 
it 66d. 31m. Northwards, and the Antartic Circle is the 
ſame Diſtance Southward from the Equator. . The 
two Poles of the Ecliptic are in theſe two Circles. 
Note; Arches of leſſer Circles are never made Parts 
of Triangles. 


4. Arches of great Grees 


The Sun's Altitude is an Arch of an Azimuth Circle 
cemprehended between the Sun and the Horizon, as 
O R, 5 
Sun's Azimuth is an Arch of the Horizon, contain'd 
between that Azimuth which the Sun is in, and the 
Meridian (North or South) thus HR is the Sun's Azi- 

zuth from the South, when the Sun is any where in 
the Azimuth Z © N whatever his Altitude be. 

| Sun's Amplitude is the Diſtance that the Sun. riſeth 
or ſets from the Eaſt or Weſt, or if has will 8 0 
ort 
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North or South, and is an Arch of the Horizon con- 
tained between the Point where the Parallel of Declina- 
tion, that the Sun moves in, cuts the Horizon, and the 
Eaſt or Weſt, North or South Points of the Horizon; 
thus when the Sun moves in the Parallel E O, it riſes 
at d, and the Arch Ad is the Sun's Amplitude from the 
Eaſt or Welt, and the Arch d O is the * from 
the North. 

Note; The Sun's Amplitude is always of the ſame 
Denomination with the Declination, whether North or 
South. 

Right Aſcenſion is an Arch of the Equator or Equi- 
noctial contained between the Beginning of Aries, and 


that Point of the Equator where the Sun's Meridian 


interſects it, as A T is the Sun's Right Aſcenſion when 
it is any where in the Meridian P © T'S; but in Aſtro- 

nomical Operations, the Diſtance between the ſaid In- 
terſection, and the neareſt Equinoctial Point is the Right 

Aſcenſion, and then it can never exceed go Degrees. 

Aſcenſional Difference is an Arch of the Equator 
contained between that Point of the Equinoctial that 
riſes with the Sun, and that Point that comes to the 

Meridian with him ; thus the Point A riſes with the 
Sun; but the Point » comes to the Meridian with him, 
therefore Anis the Aſcenſional Difference. 

Oblique Aſcenſion is an Arch of the Equator con- 
tained between the next Equinoctial Point, and that 
Point of the Equator that riſes with the Sun, and is 
found by adding to the Right Aſcenſion, or ſubrrafting 
from i it, the Aſcenſional Difference, the Sum or Remain- 
der is the Oblique Aſcenſion required. 

Longitude of the Sun is the Sun's Diſtance from the 
neareſt Equinoctial Point, accounted on the Ecliptic 28 
thus, A O is the Sun's Longitude. 

Declination is an Arch of the Meridian contained 
n the Sun and the Equinoctial as O T 


Angles. 


. Of Aſtronumy, 
Angles. 


The Sun's greateſt Declination is the Angle that the 
5 Eclipdc makes with the Equator, as T A ©, and is ac- 
counted 23d. 29m. 

The Hour of the Day is the Angle that the Meridian 
of the Sun makes with the Meridian of the Place ; thus 
the Angle E P © is the Hour that it wants of, or is 
paſt 12, "accounted 15d. to an Hour, S. 

The Sun's Azimuth is that Angle at Z, which is 
made between the Azimuth Circle that the Sun is in, 

and the North and South Azimuth or Meridian of the 
Place, as the Angle HZR is reckoned from the South ; 
but RZA is reckoned from Eaſt or Weſt. 

The Sun's Amplitude is an Angle at Z, made by that 
Azimuth Circle which interſects the Horizon 8 
the Sun's Parallel of Declination cuts it alſo) makes with 
the Prime Vertical, if reckoned from the Eaſt or Weſt, 
28s A Z d, or d Z O, if reckoned from the North. 

Theſc Angles. may alſo be reckoned as Arches of 
great Circles, as the Hour is an Arch of the Equator, 


the Azimuth and Amplitude are Arches of the Ho- 
rizon, Sc. 


Ss E CCT. I. 
4 ronomy Reclangu lar. 


Lrhough moſt of the neceſſary Caſes in Aſtrono- 
my may be repreſented by a Projection upon the 
Plane of the Meridian, which to a great many Learners 
ſeems moſt natural and intelligible ; yet there are ſome 
Cafes eſpecially in Oblique, that cannot be projected - 
upon that Plane, in which Caſes take this general Rule. 
When there are given two Sides and an Angle, make 
à given Side upon the Primitive, and the given Angle 


at 
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at the Primitive; but if two Angles and a Side be given, 
make both the Angles at the Primitive ; and then, if 
the given Side be contained between the given, Angles, 
it will alſo fall upon the Primitive; but if not it falls 
within; i but when three Sides, or three Angles are 
given, it matters not which Circle you make Primitive, 
ſo it be generally one of thoſe great Circles, an Arch of 
which is a Part of the Triangle, nor are you always ob- 
liged to have the given Triangle at the Primitive; but 
it may ſometimes be drawn within. 

There are 12 Signs in the Zodiac, their Names and 
Characters are as follow. 
Os Aries, 8 Taurus, 1 Gemini S Cancer. & Leo, 
M Virgo, = = Libra, "L Scorpia, 7 Sagittarius, M Capri- 
corn, & Aquarius, X Piſces. 

Each Sign contains 30 Degrees, in all 360, the Num- 
ber of Degrees in every great Circle. 


Note, When it is not expreſſed what Plane the Pro- 


jection is upon, it is always ſuppoſed upon the Plane of 
the Meridian. 


Note alſo, When any Problem is referred to, it means 
the: Problems in Spherical Geometry, annex'd to the 


1 e Projection of the Sphere. 15 


Problem 1. 
Plate | 10. Fig 112. 


Given th Sun's Tide Fay stete Declination, 

to find the preſent Declination. 

Sun's Place n od, om. or Longitude from the Be- 
ginning of Y 60 greateſt Declination 23d. 29m. 

Draw the Primitive HZON, and croſs it with the 
Diameters ZN and HO, at Right Angles (which being 
to be done in all Caſes, I ſhall ule the 8 PCQ; 
for the Words, draw the Primitive Circle and croſs it 
with two Diameters at Right Angles) draw A C the 
Ecliptic at an Angle of 23, 29, at A * Prob. 3. ſet 

| be 


— A, 
— — l 


2 . - "7 _ I 
— a — 2 
— — 2m —ů— ‚ꝶ—gmNXT— U — — — EY — — — 
N 


—_— — 
-4 5 * h — 2 
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the Longitude 60 from A to © by Prob. 5. and through 
© draw the Circle Z © B N qy Prob. b then 1 is ABO 
the Triangle required. 


Here is given the Hypotenuſe A 8. the Longitude 


60 o, and the Angle A the greateſt Declination 23 29, 


to find the Perpendicular B ©, the preſent Declina- 


tion by Caſe 2. 


As Radios —— — 90 * $0.00000 
To Sine of A © the Longitude 60 © — 9.9275 2 
So Sine of A the greatelt ] Dec. 23 29 — 9.60041 


To Sine of B > the preſent Dec. 20 11 — 9.53794 
Probiem 2. | 
Pate 10. Fig. 112 
Given as in Prob. 1. to find the Right Aſcenion AB; 
eve 3 is given the Hy potenuſe and an Angle, to find che 
Leg adjacent to the given Angle by Caie 1. 


As Tang. Comp. A © the Longit. 30 0 — 9.76144 


To Radius — 


— 90 „„ i 
So Sine Comp. ArhegreateſtNec 66.31 — 9.96245 
ToTang ABtheRight Aſcenſion 37 48 —- 10. 20101 


ren . 
Plate 10. Fig. 112. 

Given the greateſt Declination 23 29, and preſent 
Declination 20 11, to ſind the Longitude. 

PCQ, let EO be the Kquator, draw EC as in 
Prob. 1. for the Ecliptic, and at 20 11 the preſent De- 
clination, Diſtance from the Equator, draw the Pa- 
rallel m On by Prob. 4. and through the Point where 
it cuts the Ecliptic as in © draw the Circle Z © N by 
Prob. 1; then is A © B the Triangle required 

Here is given the Angie A, and Leg oppoſite B ©, 
to find the Hypotenuſ: A e, the Longitude, Caſe 12. 


As 
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As Sine of A the greateſt Dec. 23 29 — 9.60040 
To Sine of B —ʃ Dec. 20 11 — 9.53788 
So Radius —— — — => 10.0000S 


To Sine of A © the Longirade—bo do — 9. 9 3745 


Problem 4. 
Plate 10. Fig. 112. 


| Given the greateſt Declination 23 29, and preſent 
« Declination 20 11, to find the Right Aſcenſion. — 
Projection as in Prob. 3. being the ſame Data, the 


Angle A and Leg oppoſite B © are given, to find the 
other Leg AB by 1e... 


As Radius — go — 10.00000 
To Tang. B © the preſent D Dec. 20 11 — 9.56537 
So Tang. Comp. A greateſt Dec. 66 31 — 10.36204 


— 


Fo Sine AB Right Aſcenſion 57 48 — 9.92741 
. Problem g. 
Plate io. Fig. 112. 


Given the greateſt Declination 23 29, and Right Aſ- 
eenſion 37 48, to find the preſent Declination. 
PCQ, and let EQ be the Equator, and draw EC the 
Ecliptic to make an Angle of 23 30 the greateſt Decli- 
nation by Prob. 3, with the Equator ſet the Right Aſ- 
cenſion, 57 48, from A upon the Equator to B, by Prob. 

5, and thro' the Points ZBN draw the Circle ZBN to 


cut the Ecliptic in the Point O; then is AB O the 8 


Triangle required. 


Here is given the Angle A, id Leg adjacent AB, 
to find the Leg oppoſite B O; by & + 


x Tang. crea peg, A greateſt Dec. 66 17 — 10. 36204 
o Radius — 90 00 — 10.00000 
So Sine AB Right ht Aſcenſion - — 57 2 — 9.92747 


To Tang. B ©. preſent Dec. — 20 11 — 9-56543 


Problem 6. 
Plate 10. Fig. 112. 


Given the greateſt Declination 23 29, and the Right 
Aſcenſion 57 48, to find the Longitude. 


Projection as in Problem 5. 


Here is given the Angle A, and Leg adjacent AB, to 


find the Hypotenuſe A ©, by Caſeg. | 

As Tang. AB Right Aſcenſion 57 48 — 10. 20084 
To Radius — — 90 00 — 10.00000 
So Sine Comp. A greateſt Dec. 66 31 — 9.96245 


ToTang.Com. A© the Lon gitude 30 00 — 9.76161 


Problem 7. 
Plate 10. Tig. 113. 


Given the Latitude of the Place 50 North, and Sun's 


Declination 20 North, to find tlie Alcenſional Difference. 


And alſo the Sun's riſing and ſetting — Prob. 8 


Length of the Day and N oht — — 9 
Sun's Amplitude — — 10 
What Hour Sun is due Eaſt or Weſt — —_ II 
_ Sun's Altitude when Eaſt or Weſt — — 12 
Sun's Altitude at ſix — — 13 
Sun's Azimuth at ſixæ. — 4 

Sun's Decl. and Time of riſing and ſetting, bas * 
find his Amplitude — 1 


PCQ, ſet the Latitude 30 _ O to P, and from 
II to 8, and draw P'S for the Axis of the World, 
and at Right Angles thereto draw E Q the Fquator, | 
and at an Angle of 23 29 therewith draw AL C the 


Ecliptic: draw the Parallel « © bc d e diſtant from the 
Equator 20d. the given Declination to cut the E- 


cliptic in O, and through © draw the Meridian P © S, 
and the Azimuth Z © N, allo through that Point 
where the Parallel of Declination cuts the Prime Ver- 


tical, draw the Meridiar n P 5 8, and through c, the 


Point 
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Point where the Parallel of Latitude cuts the Axis PS, 
draw the Azimuth Z c N, and through the Point where 
the ſaid Parallel cuts the Horizon as at d, draw the Me- 
ridianP dS, and then in the Triangle A db is given the 
Angle A, the Comp. of Latitude 40; the Side þ d the 
Declination, to find A & the Aſcenſional Difference, by 
Cale 10. de ms 
As Radius — 90 — 10, ooooo 
To Tangent of Latitude — 50 oo — 10, 07618 
So Tang. of h d the Declin. — 20 00 — 9, 56106 


To Sine of Aſcenſional Differ. 25 42 — 9, 63724 


Prob. 8. Plate 10. Fig. 113. 
To find by the Aſcenſional Difference, what Time the Sun 
= Riſes and Sets. 

The Aſcenſional Difference converted into Time (al- 
lowing 15 Degrees to an Hour, and one Degree to 4 Mi- 
nutes of Time,) gives the Time that the Sun riſes be- 
fore or ſets after 6 in the Summer, or riſes after and 
ſets before 6 in the Winter ; and at that Rate the Aſcen- 


ſional Difference 25: 42 makes 1 Hour 43 Min. which 


added to ſix makes 7 Hours 43 Min. the Time of the 
Sun's ſetting in North Declination, or riſing in South 
Declination ; but ſubtracted from 6 it leaves 4 17 the 
Time of Sun's Riſing in North Declination, or ſetting 
in South, Sc. ” os „„ 
Note; Subtract the Sun's Riſing from 12, the Re- 
mainder is the Setting. e =, 


Prob. 9. Plate 10. Fig. 113. 

To find the Length of the Day or Night. 
Double the Time of Sun's Setting found by Prob. 8. 

1t gives the Length of the Night ; and double theTime 
of Sun's Riſing it gives the Length of the Day : Then 
when the Sun Riſes at 4 17, that doubled makes 8 34, 
the Length of the Night; but the ſetting at the ſame 
Time 7 43 doubled is 15 26 the Length of the Day. : 
„ Prob. 


—— : 
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Problem 10. Plate 10. Fig. 113. 
To find the Sun's Amplitude. 


In the Triangle Ah d is given the Angle A the com- 
plement of the Latitude, and Side h d the Declination, 


to find Ad the Amplitude from the Eaſt or Weſt, by 
Caſe 12. 


As Sine A the Comp. Latitude — 40 0 — 89, 80807 
To Sine of þ d the Declination — 20 0 — 9, 53406 
So Radius —— — — — 90 © — 10, ooooo 
To Sine of A d the Amplitude — 32 9 — 9, 72598 


Or the Amplitude from the North may be found in 
the Triangle 4 P O, where is given 4 P the Complement 


of Declination 70 o, and 0 P the Latitude 30, to find 


d O, by Cale 6. 


As Sine Comp. PO the Latitude 40 O — 9, 8080 
To Radius — — — 90 0 —10,0000@ 


So Sine Comp. P d the Comp. Decl. 20 00 — 9, 33406 
To SINE Comp. 4 O the Amplitude 57 51 — - 9.72598 


Problem 11. Plate 10. Fig. 113. 
Given the Latitude 30 o, and the Declination 20 0, 


to find what Time the Sun will be due Eaſt or Weſt. 


In the Triangle A m b, there is given the Decli- 


nation, and the Angle A the . to find m A the 7 
Hour from 6, by Caſe 7» | 


As Radius 


e 90 oo — 10, o 
To Tang. m þ the Declination 20 00 — 9, 36106 
So Tang, Comp. A the Latitude 40 00 — 9, 9238 1 
To Sine Am the Hour from 6, 17 47 — 9,48487 


Or it may be done by the Quadrantal Triangle AP 5, 
the Side AP being a Quadrant, and the Angle P the 
Hour from 6; and therein is given the Side P the 
Complement of Declination 70 o; and the Angle AP 
the CROP of Latitude 40 © to find 6 PA : And 


here 


Of Aſtronomy. 387 
here omitting the Quadrantal Side AP, the Angle P is 
middle Part, and A and 5 P are Conjunds: therefore, 


As Radius go — 10,00000 - 
To Tang. A the Comp. Lat. — 40 00 — 9, 92381 
So Tang. Comp. P —— -— 20 00 — _9.56106 


To Sine of P the Hour from 6, 17 47 — 9,4848 


Prob. 12. Plate 10. Tig. 113. 

To find the Sun's Altitude when Eaſt or Weſt. 
The Sun is in the Point à when Eaft or Weſt: Then 
in the Triangle A mb, there is given mb the Declina- 
tion, and the Angle mAb the Latitude; to find Ab the 
Sun's Altitude, by Caſe 10, which is left for the Learner 
to . 


Prob. 1 3. Plate 10. Fig. 113. 
To find the Sun's Altitude at 6 o'Clock. 


Ĩ be Sun is in the Point c at 6 O'Clock, and in the 

Triangle A ic there is given the Angle A the Latitude, 
and the Hypotenuſe Ac the Declination, to find i ic the 
Altitude at 6, by Caſe i. 


Prob. 14. Plate 10. Fig. 11 3. 
7 o find the Sun's Azimu'h at 6 O' Cloct. 


This may be done either by the Right- angled Triangle 
A ic, where the Leg Ai is the Azimuth at 6, or by the 
vadrantal Triange Ac Z; where the Angle Z is the 
ard Azimuth, I ſhall only inſtance in the Quadrantal, 
and leave the other Operation of this and the two laſt 
Problems for the Reader's Practice. 
There is given Ac the Declination, and the Angle 
ZAc the Complement of the Latitude, to find AZ c the 
Azimuth at 6. 
Here A is middle Part, and the other two are Con- 


Jundts z therefore, 
G 2 == 
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As Tang. Comp. of Ac the Declin. 70 o — 10, 43892 
TV Ridin — 99 O — ic, ooooo 
So Sine of A the Comp. Latitude 49 — 9,8 807 


—  - 


To Tang. of Z the Azimuth — 13 10 — 9,369 14 f 


Prob. 13. Platt o. E. 113. | 
Given the Sun's Declination and Time of Riſing and 
Setting, to find the Amplitude. 


Supp de the Sun riſes at 17m. paſt Four in the Morn- 


ing, his Declination 20d. North, I demand the Am- 
plitude. 


In the Triangle 4 PO there is given the Angle P. the 


Jour paſt Midnight 4 Hours 17m. or reduced to Time 


64d. 15m. and the Hypotenuſe dP the pe of 


Declination to find the Leg d O, by Caſe 2 


As Radius — 90 0 tic, ococo 
To Sine of d P the Comp. Declin. 70 o — 9,97298 
SoSine of P,the Hour from Midn. 64 1 15 — 9,95458 


— — — 


To Sine d O the Ampl. from Northg7 49 — 9492756 


Or it may be found by the Quadrantal Triangle Ad P. 
in which is given the Angle P, the Hour of Sun's Ri- 


ſing before 6; and dP the Complement of the Declina- 


tion to find A d, the Amplitude from the Eaſt or Weſt. 
By a right Underſtanding of the Nature of Spheric 
1 riangles, the Latitude at Sea may be often attained in 


an Afternoon or Evening, when you cannot have an 


Obſervation at Noon; as in the Triangles A 7 c, you 


way by having the Declination Ac and Amplitude A 7 


given, find the Latitude, viz. the Angle c At, or, in 
the Triangle A mb you may by having A 6, the Sun's 
Altitude, when Eaſt or Weſt, and m6 the Declination 
ven, find the Angle mAb the Latitude, &c. but ſhall 
i: ave this to tae Reader's ada. 


Prob. 
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Prob. 16. Plate 10. Fig.114. 


Given the Sun's Alritude, Declination and Latirude 


of the Place to find the Azimuth. 


Latitude 54 40 N. Altitude 47 48, De-lination 20 12 N- | 
PCQ, ſet the Latitude 54 40 from O to P, and draw 


PS, and at Right-Angles there with draw E Q for the 


Equator draw the Parallel of Altitude c © 4 at the 


given Altitude 47 48 above the Horizon, and allo the 


Tarallel of Declination 205 20 12 from the Equator to 


the Northwards, and through the Interſection of theſe 


Parallels draw the Azimuth Z © N, and the Meridian 


PS by Prob. 1. and then by the 1 ith Caſe of Oblique 
Spheric Triangles. 


Comp. Latitude _ — 
Comp. Altitude — — LO — — 42.12 
Comp. Declination — = 40 


Side oppoſite t to the d Angle PO — — 69.48 
Remains — 3.52 


25 2 Sine Co. AE. — 0,23782 
CD 41:12: Sine co. Af. — 0,17281 
:Sum of the Sides 73 40 Sine — — g9,98211 
/ em: eo; a 088 


Sum ——19. 22162 


:Sum is Sine Comp. of 65 55 


Prob. 17. Plate 10. Fig. 115. 
Given the Altitude, Declination and Hour, to find 
the Azimuth. 


Altitude 47 48, Declinatian 20 12. and Hour or 


Angle at P 32 12. 
PCQ, and draw POS, to make an 1 at 32 12 


with the Primitive by Prob. 3, and chereon ſet off the 
C. £2 Comp 


Sum — 147.20 
18um — 73.49 


— 9.61081 
Doubled is 131 59 che Azimuth required from the North 


To Sine of the Hour ZP — 32 12 
So Sine Comp. Declination OP — 69 48 — 9,97243 
To Sine of the Azimuth „ 9,87186 


80 Sine Comp. ZÞP — — 54 40 
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Complement of Declination 69 48 from P to © by 
Prob. 5; alſo draw the Paraller Z a c diſtant from © 


42 12 the Complement of Altitude, and it will cut the 
Primitive in Z; then through Z ©, and the oppoſite 


Point N draw the Oblique ircle ZON, and the Tri- 


angle ZP 1s finiſhed, and by Solution 7. 

Co. Ar. 
As Sine Comp. of Altitude 20 — 42 12 — 0,17281 
9,72662 


But being Obtuſe it muſt be ſubtra&ed;from 180, and 


the Remainder 131 53 is the Azimuth required from 
the North. 


The Truth of all your Calculations may be examined 


and proved by meaſuring the Side or Angle required by 


the Directions given by Prob 6, and 7, of Spherical Geo- 
metry, which would have been needleſs to repeat in all 


the foregoing Operations. 


Prob. 18. Plate 10. Fig. '# > 


"Gin the Latitude, Ae and Hour to find the 
Declination. 


Latitude North, — 54 40] 8 ; ” 
Azimuth, 131 52 to find the Sun Decl. 


Hour, 5 32 12 by Caſe the Ninth. 
Here the Perpendicular muſt fall upon the Side OZ, 


continued, which for Illuſtration I have annexed to the 
Scheme: then in the Triangle Z e P, is given e Z P 


48 8, and Z P 35 20, to find Z Pe, by Cale the third 
of Right-angled Spherical Triangles. 

As Tang. Comp. PZ e 41 52 —— 9,95240 
To Radius ——— ee 90 — 10,00000 


99 155 
To Tang. Comp. 2 Pe — 42 19 
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Then by Concluſion the Fourth, 
As Sine Com. ePO — 10 07 Co. Ar. o, 73534 


To Tang. PZ —— — 35 20 9,85059 
So Sine Comp. ePZ —— 42 19 9.82816 
To Tang. PO — — 69 48 10, 43409 


The Complement of the Declination being 69 48, 
the Declination required is 20 12. 


Prob. 19. Plate 10. Fig. 113. 


Given the Azimuth, Hour, and Angle of Poſition, 
to find the Latitude. DE 


ng by os he 52 | to find the Latitude 
Angle of Poſition - 27 29 by Caſe the I ith, 


Take the 8 of the greateſt Angle, to 180, 
add that and the two leſſer Angles rogether, and from 
the half Sum ſubtract the Angle oppoſite to the Side 
required, and proceed as in Prob. 11, 


EXAMPLE. 
The greateſt Ange — — — 3 52 
Its Supplement — ——_ 48 8 
Angle Z PO, 
Angle 2 0 P, 


— — — — 32 12 


Half Sum — — — — 63 491 
Angle * to Side required ZeP . 


Remainder — om— y x; 26: 30t 9 


Halt 


S c 4 
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Z P, its Suppl. — 48 : 08 S. Co. Ar. o, 12801 

P © S. Co. Ar. — 32: 12 — — 0, 27337 
Half Sum —— 53 : 491 — Sine Log. , 90699 
Remainder — 26 : 301 — Sine Log. 9,64965 
19,95802 
Sine Comp. 17:40 — — 9, 97901 


Doubled is 35 20 the Complenncat of the Latitude, 
or Side ZP required. 


Thus much for the Application of Oblique Spheri- 
cal FENny » in — of Aſtronomy. 


N. B. The Nember 57.3 in Chap. 6. N ge 141. has its 
Authority from its being the Semidiameter of a Circle whoſe 
Circumference is 360 Degrees in a great Circle (and conſe- 
quently may be applied o:herways to finding Angles than in 
Degrees only: This I thought fit to diſcover, leſt ſome Pam- 
phletering e cage ſhould aſſert it to be a fictitious and 
groundleſs Number, bat ſhall defer any further Account of 
the Reaſon of the Steps in the Operation, leſt they ſhould catch 
zt up and call it their own, as an Attempt was made upon 
my Method of finding the Longitude by a Right-angled Plane 
Triangle, Chap. 6. See. 4. only I produced it in the firfl Im- 
preſſion of this Book, <vbich wwas printed above ſeven Tears 
before thi; upytart Author's Copy was rette. 


31 


0 


A 


 — 


Halt Sum — 
Remainder + 
Sine Comp. 1. 


Doubled is 
or Side ZP ret 


Thus much 
cal Triangles 


N. B. The A 


Authority from 
Circumferencè 1. 


guently may be 

Degrees only : © 
phletering Nav. 
groundleſs Num 
the Reaſon of th 
zt up and call 1. 


y Method of fi 


Triangle, Chap. 


preſſion of this 


before thi uns 
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A TABLE of the Engliſh, Latin, Italian, 


— 


8 


and Spaniſh Names of the Two and Thirty | 
Points of the CoMPASS. 
Engliſh] Latin Italian Spaniſh 
North | Septentrio Tramontana Norte 
N by E. 2 4 di Tramontana Græce Norte 4a Nord eſte 
NN E. Tramontana Graca Nord Nord eſte | 
NE by N. 2 cſaguilo 4 di Graco Tramontanc|Nord' efieq aNorte 
NE. Borrapeliotes Græco Nord efte 
NE by E.] Hypoce:fias 4 di Cræco Levante |Nord' 4 al efte = 
ENE. C fia. Lewante Greco Les Nord a eſte | 
E byN. | Mofocafias | 4 di Levante Graco Les 4 a Nord efte | 
Eaſt. |Subſelanus | Levante JL ge 3 
E by S. 2 4 Levante Sirocco L' efte 4 a — 
ESE. Faru Levante Sirocco L' Sueſte 
uE by E. | Meſurus 4% Sirocco Lecanto Sueffe 4 alefle | 
n E. | Notapeliotes Sirocco Jod ueſſe | 
nE by S. Hypophœrnix 4 41 Sirocco Oftro Suefie 4 al Sur 
nSE. \{Phens Oftro Sirocco Sur Suefte 
u by E. | Mezſophenix 4 di Oftra Sirocco Sur 4 a SO 
( | 
inouth. Notus | Oftro Sur | | 
u by W. Meſolibanotus 4 di Oro Garbina Pur 4 al Sudefle | 
uSW. |Libabotus Oro Garbino Sud Sudzſie 
'nW by S. Hypolibanotus |4 di Garbino Oftro Sud Vift 4 al Sud) 
u W. Notalybicus |Garbino o Libeccio Sud Vet 0 8 
nW by W. Meſufricus |4 di Garbino Ponente |Sud I 4 al Oc 
WSW. Africus Ponente Carbino DOęſt Sud Oeft 
W by S. Hypafriccs 4 di Ponente Garbius Oeſt 4 al Sudueff \ 
; | W e 
| "Weſt. — * Zephyrus Ponente Off | 
W by N. | Meſecorus 4 di Ponente Maeſtro |Oeft 4.al Ned | 
WNW. [Corus I Ponente Maeſtro Oe Nord Oeft 
NW by W. Hypocorus 4 di Macfiro Ponente NordOeft 4 alNort 
N W. Borrolybicus | Maeſtro Nord Oeft | | 
IN W by N. Hypocircius |4 di Maeftro Tramont Nerd Ocfle 4 aer 
[N NW. |Circius Tramontana Maeſtro Nor Nor Ofte 
N by W. Miſocircius |4 di Tramon Maeſtro — 44 Nor Ole 


TH 


— — — 


The Variation of the Compaſs, as I obſerved it in 

| the Year 1718, aboard His Majeſty's Ship the 
Barfleur, under the Command of the Right 
1 Honourable Sir George Byng, Admiral of the Fleet. 


Variation 


Bearings of Headlands, &c. 
CU Cape Finifter, EN f. 12 Leagues 

| ape Fintſter, 12 ues. 
Off of Ln within ſight of .- 

St. Jago, NE. 14 Leagues. 

Cape St. Mary, NNE. half E. 5 Leagues. 
Cape St. Mary, NNW. 17 Leagues. RS 
Before Straits-Mouth,ſometimes without ſight 
of Land, we had by ſeveral good Obſerva- | 

tions 7 deg. or within ; a deg. more or leſs. 
Cape Pales, 10 Leagues WSW. 
31 Cabrera, (near Majorca) NW. 8 Leagues. 
52 Eaſt Point of Majorca, WNW, 6 Leagues. 
8 At Anchor before Port Mahon, | 
Cape Tolar, E. half S. 25 Leag. by Eſtimation. 
Cape Carbonera, NW. half N. 7 Leagues. 
Cape Carbonera, WNW. q or 10 Leagues. 
Cape Carbonera, W. by S. 11 Leagues, 
Serpentaria, W. by S. Cape Gomera. NW, 
Entry of Naples Bay. . ” 
Off of Palinura. 
Strombolo, W. by S. 1 League. 


Before Syracuſe, 
N. half W. 4 Leagues. 


] 


5 


5 Cape Paſſero, 
Beſore Malta. 


Upon the South Coaſt of Sicily it continued 

between 12 and 13 deg. but failing from Paler- 
mo to Naples, it decreaſes to 11.46. as obſerved 
in Naples Bay. | | | 


NMB. It may be thought ſurprizing, that to 
the Weſtward of Sardinia, there ſhould be leſs 
than 11 deg. and South Eaſt from it, it is above 
17. There is ſome Reaſon to believe, that there 
are ſome magnetical Rocks, in or near that Iſ-} 
land which may affect the Compaſs ; but we 
muſt leave that to Time and further Experience 
to determine. 


— 9 — 
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A TABLE of LOGARITHM S 
For Numbers increaſing in their Natural Order, from 


an Unit to 10, ooo. 


With a Table of Artificial SNES, TAanGenTs, an 
SECANTS, the Rapivs 10,000000 ; and to eve 
Degree and Minute of the QuapranT. 


mnniꝑ¶„L! 


* 


— * 


N | Logar. | N. Logar. 

| 34 1.531479 67 1.826075 

35 [1.544068 68 1.832509 

36 [1.556302 | 69 [1.838849 

37 |1-568202]. | 79 |1-845098] 

38 [1.579784 7111.851258 

39 1.591065 [_72 1.857332 

| 49 [1-602060| 73 |1.863323} 

41 [1.612784 74 |1.869232 

42 ene 75 (1.875061 

43 1.633468 76 ene 

| 44 16434533 | 77 1.886491 

| | 45 1.65 3212 1_78 | 1.892095 

13 [1.113943] 46 [1.662758 79 1.897627 
14 [1.146128 | 47 [1.672098 | 30 [1.903090] 

15 [1.176091 | 48 [1.681241] 81 1.90848 5 
16 [1.20412 49 [1.690196| 82 1.913814 
17 f 23044 50 1.698970 83 1.919078 
18 1.255272 51 plr707570 84 1.924279 
10 [1.27875 52 [1.716003 1_85 [1.929419] 
20 [1.301030] | $3 1.72476 86 197 
| 21 [1.322219 54 [1.732394 87 i. 9395191 

22 [1.342423 55 1.740363 88 1944483 
f 23 1.361728 50 [1.748188] | 39 1.949390 
24 f. 3802110 57 [14755875] | 99 1.954242 
25 1.397940 | 58 [1.703428 1 91 1.989041 
26 1.414973] [_59 1.22882 _92 1.963788 

27 1431364 60 [1.778151 93 1.968483 
28 [1.447158] 61 [1.785330 | 94 [1.973128 
29 [1.462398 62 |1.792392) | 95 [1.979724 

30 [1.477121] 63 [1.799340 | 96 1.982271 
31 [1.491362] 64 [1.806180 | 97 1.986772 

32 |1.50515c| 65 1812913 98 [1.991226 
33 1.518510 66 [1.819544] 99 | "995635 


—ê 


7 


f | ( 396 ) A Table of Logarithms, 
( Num 8 | 1 | „ 1 4 
1 100 | 2.000000 | 2.000434 | 2.000868 | 2.001301 [2.0017 34 
1 i 101 | 2.004321 | 2.004751 | 2.co5180| 2.005609 [2.000038 
| ( 102 | 2.008600 | 2.009026 2. 0945 1 2.009876 |2.010300 
B's |] 103 | 2.012837 | 2.013256 | 2.013680 | 2.014100 [2.014520 
| 104 | 2.017033 | 2.017451 |2.017868 | 2.018284 [2.018700 
| Wt 105 2.021189 2.021603 2.022016 2.022428 [z. 022841 
j q, ] 106 | 2.025306 | 2.025715 |2 026124 | 2.026533 [2.026942 
W ' I 107 | 2.029384 | 2.029789 2.030195 2.030000 [2.031004 
[ 


| | 108 2.033424 2.033826 |2.034227 | 2.034628 [2.035029 
- | 109 2.03 4202.032825 | 2.038223 | 2.038620 |2.039017 


| | 110 2 c41393 | 2.041757 | 2.042182 2-042575 2.042909 


111 2.045323 | 2.045714 | 2.046105 | 2.040495 Spurs 


9 i | 112 | 2.049218 | 2.049606 | ; 2 049993 2.050350 2.050766, 

W li 1132 0: 30% | 2.053463 2 05 3846 2.054230 [2 054013 

1 il | 114 2.05690, 96 , 2.057666 | 2.058046 2.05 8420 

WM - .þ ng 2.000098 | 2 . 2.061452 2.061229 [2.002206 

Ws , 4 116 | 2.064458 | 2.00482 2.005 20 | 2.065550 {2.00595 3 

| 117 | 2.062186 | 2 008757 , 2.068y28 | 2.069298 2.069668 

. + 1182.071882 2.072250 2.072017 | 2.072985 [2.073352 

s 119 | 2.075547 | 2.075912 | 2.076270 | 2.076640 | 2.077004 

We j | 120 | 2.079181 | 2.070543 | 2-079904 | 2.280206 | 2.080026! 

1 | i { 121 | 2 082785 | 2.083144 | 2.083503 | 2.08356 t 12. 084219 

MR {| | 122 2.086360 | 2.086716 | 2.087071 | 2. . 2.087781 

_ 123 2. 089905 | 2.090258 | 2. 090611 2.090903 2.091315 

8 | 124 | 2.093422 | 2 093772 | 2.094122 | 2.09447 12.094820 

=—_ | - | 125 2.096910 2.097257 | 2.097604 | 2. 09795 12.098297 

0; 126 , 2.100370 | 2.100715 | 2.10105, | 2.101403 |2.101747 

1 127 | 2.103804 | 2.104145 2.104487 2. 1048282. 105 169 
1282.107210 2.107549 2.107888 2. 1082272. 108565 

1202.110590 2.110926 2.111262 2.111598 2. 111934 

| 130 | 2.113943 | 2-114277 | 2.114611 | 2.114944 |2-115278 

iy j 131 |2.117271|2 117003 2.117934 | 2-118265| 2.118595 

' " WIR { 122 2 120574 | 2.120903 | 2.121231 | 2.121560|2. 2.121888 
1 Wa; | 133 | 2.123852 | 2.124178 | 2.124504 | 2.1248 302.129 156 

1 j —— TIC | 2.127105 | 2 127429 | 2-127752 2. 128076 2.128399 

1 „ 135 1 2.120334 | 2.130 985 2.130577 2.131298 2. 131619 

_ | 139: 2.133339: 2.1338;8 2.134177 2.134496 2. 134814 

| { 13> 2136721 | 2.137037 | 2.137354 | 2-137070|2.137987 

FSR 1138 2.139899 12:1 140184 2.140508 2.140822 2.141130 

ur { 149 2.143015 | 2.143327 | 2-143639 | 2.143951 |2-144263 

Y 140 2.146128 2196458 2.146748 | 2.147058 [2.147307 

141 ; 2.149219 2.149527 | 2.149835 2.150142 2. 150449 

: 197 | 7 (112258 2.1 Sec [2.152000| 2.173205 2.153510 


from 1 to 10000 


(397 


f 


| 139 


5 


2.002166 


2.006460 
2.010724 
2.014940 
2.019116 
2.023252 
2.027350 
2.031408 
3.035450 
2.039414 
2.043362 
2.047275 
2.051152 
2.054996 
2.058805 
2.002582 
2.066326 
2.070038 
2.073718 
2.077368 


2.080987 - 


2.084576 
2,088 I 36 
2.091667 


2.095169 


2.098044 


2.102090 


2 105510 


2.108903 


2.112270 


2.115610 


2.118926 


2.122216 
2.125481 


2.128722 


2.131939 


2.138133 


2.138303 


2.141450 


2.144574 
2.147676 
2.150756 


| 


6 
2.002598 
2.000894 
2.011147 
2.015 300 


2.019532 
2.02 3004 


2.027757 
2.031812 
2,035830 
2.039811 


2.043755 


2.047664 
2.051538 


2.055378 


2.059185 
2.002958 


2.066699 
2.070407 
2.074085 
2.077731 


2.081347 


2.084934 
2.088490 


2.092018 
2.095518 
2.098990 
2.102434 
2.105851 
2.109241 
2.112605 


2.115943 


2.119256 


2.12254 
2.12580 


2.129045 
2.132260 


2.135451 
2.138618 


2.141763 


2.144885 


2.147985 
2.151063 


2.153815 12154119 


7 


2.00 3029 


2.007321 
2.011570 


2.015779 
2.019947 
2.024075 
2.028164 
2.032216 
2.036229 
2.040207 
2.044148 
2.048053 


2,05 1924 


2.055760 


2.059563 
2.003333 
2.057071 
2 070776 
2.074451 
2.078094 


2.081707 


2.085291 
2.088845 
2.092370 
2.095 866 
2 099335 
2.102777 


2.106191 


2.109578 
2.112940 
2.116276 
2 119586 


2.122871 


2.126131 


2.129308 
2.132580 
2.135768 
2.135934 


2.142070| 


2.145196 
2.148294 
2.151370 


2.154424 


8 
2.003407 
2.007748 
2 011993 
2.016198 
2.020361 
2.024486 
2.028571 


2.032619 


2 036629 
2.040502 


2.044540 


2.048442 
2. 05 2309 
2.056142 
2695994 
2 003709 
2.097 443 
2.071145 
2 074816 


2.078457 


2.082067 


2.085047 
2.089 198 


2.092721 
2.096215 
2.099681 
2.103119 


2.100531 | 


2.109916 
2.113275 
2 116608 
2.119915 
2.123198 
2.126456 
129690 
132900 


N 


3949 
142389 


148603 
15 1676 


Nene to 


2.024896 


2.130012 


2.133219 
136086 


2 987 


—— 
2.003891 


2.008 174 


2.012415 
2.016015 
2.020775 


2.028978 
2.033021 
2.037028 
2.040398 
2.044931 
2.048830 
2.052694 
2.056524 
2.060320 


2.064083 
2.067814 
2.071514 


2.075182 
2.078819 


2.082426 


2.080004. 
2.089552 


2.093071 


2.096502 
2 100026 
2.103462 
2. 106870 
2.110253 
2.113609 


2.116940 


2.120245 


2.123525 
2.126781 


2.136403 
2.139504 


 B 142702 | 


2.145818 
2.148911 
2.15 1982 


132 
428 


154728 


2.155032 


DIR. | 


12 

if 
4 

: 


A Table of Logarithms, 


2.212188 
2.214844 


7 
1 
7 
1 


2 252853 


3 
184 2.264818 
1 185 2.267172 


2. 195900 


2. 204120 
2.206826 


2.155330 
2.158362 
2.161368 
2.164353 
2.167317 
2.170262 
2.173186 
2. 176091 
2.178977 
2.281844 


2.184091 


8 
— 
O00 
— 
wh 
2 
— 


2.198657 
2.201397 


2.209515 


2.217484 
2.220108 


2.222716 
2.225 309 
2.227887 
2.230449 
2.232996 
2 235528 
2 238046 
2.240549 
2.243038 
2.245513 


2.247973 
2. 250420 


2.255272 
2.257679 
2.260071 
2.202451 


| 


i 
2.155040 
2.158664 
2.161667 
2.164650 
2.167613 
2.170555 
2.173478 


2.176381 


2.179264 


2.182129 


2.184975 
2.187803 


2.190612 
2.193403 
2.196176 
2.198932 
2.201670 
2.204391 
2.207095 
2.209783 
2.212454 


2.215109 
2.217747 
2.220370 


2.222976 
2.225568 
2.228144. | 
2.230704 
2.233250 
2.235781 
2.238297 
1 
2.243286 
2.245759 
2.248219 
2.250664 
2.253096 
ae Þ > be. 


2.257918 
2.260310 


2.262688 
2.265054 


| 


þ 


2 


2.155943 
2.158905 
2.101967 


2.167908 
2.170848 
2.173768 
2.176670 


2.179552 
2.182415 


2.185259 


2.193681 
2.196452 
2.199206 
2.201943 
2.204602 
2.207365 
2.210051 
2.212720 


2.215010 
2.220631 


2.225826 
2.228400 
2.230960 
2.233504 
2.236033 
2.238548 
2.241048 


2.243534 
2.246006 


2.248464 


2.250908 
2.253338 


2.255755 
2.258158 
2.260548 
2.262925 


2.265 290 


2.164947 


2.188084 
2.190892 


2.215373 


2.223230 


2.182700 


2.193959 | 


2.226084 
2.228657 | 


2.25 5996 


3 [ 
2.450240 | 
2.159206 | 
2.162266 


2.165244 
2.168203 


2.174060 


2.170959 
2.179839 | 


2.185542 
2.188366 
2.191171 


2.196729 
2.199481 
2.202216 
2.204933 
2.20763 

2.21031 

2.212986 
2.215038 
2.218273 
2. 220892 
2.223496 


| 


2.231215 


233777 
2.23628 5 


2.238799 
2.241297 
2.243782 
2 246252 
2.248709 
2.251151 
2. 253580 


2.258398 
2.260787. 
2.263162 
2. 268 525 


| 2.168497 
2.171141 [ 2.171434 


2.215902 


2.267875 | 


3 
2.1565 49 


2.159567 
2.102564 


2.165541 


2.374351 
2477248 


2.1801 yd | 


2.1 82085 

2.185825 | 
2.188647 
2.191451 
2.194237 
2. 197005 
2.199755 
2. 202488 
2.205204 
2.207903 
2.210580 
2.213252 


2.218535 
2.221153 
2.2755 
2.226342 
2.228913 
2.231470 
2.234011 
2-230537 
2.239049 


2.241546 


2.244030 
2.246499 
2.248954 


2.231395 
2.253822 


2.256237 
2.258637 
2.261025 


2.263390 


2 265761| 


2.265 110 


2.267406 


2.267641 


from 1 to 100009, 


——— th. „— 
« 


Es 
2.150852 
2.159868 
2.162863 
2.165838 
2.168792 
2.171726 
2.174641 
2.177530 
2.180413 


2.183270 


2.186108 
2.188928 


2.191730 


2.194514 
|2-197281 


2.200029 
2.202761 
75 
2.208172 
2.210853 


2.213618 


2.216166 


2.218798 


2.221414 


2.224015 


2.234264 


| 2.226600 


2.229170 
2.231724 


| 2.236789 


2.239299 


2-241795 


2.244277 


2.246745 
2.249198 
2.251638 


| 2.254064 


4 


2.256477 


| 2.258877 
2. 261263 
2.263636 


2.265996 
2.268344 


[ 


| 


i 


my 
2.157154; 


2. 160168 
2.163161 
2.166134; 
2.169086, 
2.172019 
2.174932 
2.177825 


2.180699 


2.183554 
2.186391 
2.189209 
2.192010 
2.194792 
2.197550 
2.200303 
2.203033 
2.203745 
2.208441 
2. 211120 
2.213783 
2.216430 
2.219060 


2.221675 


2.224274 
2.226858 
2.229426 


2.231979 


2.234517 


2.237041 


2.239550 


2.242044 
2.244524 


2.246991 


2.249443 
2.251881 
2.254306 
2.256718 
2.259116 
pes 501 
2.26387 

. 
2. 268578 


7 


2.157457 
2.160468 


2.163460 
2.166430 
2.169380 
2.172311 
2.175222 
2.178113 
2.180986 
2.183839 


2.186074 


2.189490 
2.192289 


2.195069 


8 
2.157759 
2. 160769 


2.163757 
2.166726 
2.169674 
2.172603 


[2.175512 


2.197832 


2. 200577 
2.203305 
2.206016 
2.208710 
2.211388 
2.214049 
2. 216694 
2.219322 


2.221936 


2.178401 


2.181272 
2.184123 


2.186950 
2.189771 


2.192567 


2.195340 
2.198107 


2.203577 
2.205286 


2,208978 


2.211654 


2.224533 


2.227115 
2.229682 
2.232233 
2.234770 
2.237292 
2.239800 
2.242293 
2.244772 
2.247236 


2.249687 | 


2.252125 
2.254548 
2.256958 
2.259355 
2.261738 
2. 264109 
2. 266467 
2.268812 


2.214314 


2.210957 
2.219584 
2.222196 


2.224792 


2.227372 


| 


1 


f 


| 2. 


2.2 29938 
2.232488 
2.235023 
2.237544 


| 2.240050 


2.242541 
2. 245015 
2.247482 


2.249932 
2.252367 


2.254790 


2.257198 
2.259594 


4 


2.200850 


2.259833 
2.262214| 


2.161068 
2.164055 
2.167022 
2.169968 
2.172895 
2.175802 
2.178689 

2181558 
2.184407 


2.187239 
2. 190051 


2.192846 


2.195625 
2.198382 
2.201124 
2.203848 
2.206556 


2. 209247 


2.211921 
2.214579 
2.217221 
2.219846 
2.222456 
2.225051 
2.227630 
2.230193 
2.232742 
2.235276 
2.237795 
2.240300 


2.242790 


2.245201 
2.247728 
2.250170 
2.252610 


2.25 5031 


2.257439 


2.204582 
2.266937 


| 2.269279 | 


- 


| ( 400 ) 


A Table of Logarithms, | 
Num © TELE 3 Diff. 
186 2. 209513 2.269740 | 2.269980 | 2.270213 | 2.270440 | 233 
| 187] 2.271842 |2 272074 | 2 272306 | 2.272538 | 2.272770 | 232 
188] 2.274158 |2 274389 | 2.274620 | 2.274850 | 2.275081 | 230 
189 2.276462 | 2.276691 | 2.276921 | 2.277151 | 2 277380 2294 
| 190| 2.278754 | 2.278952 | 2.279210 | 2.279439 | 2.279667 | 225 
| 191] 2.281033 | 2.281261 | 2.281488 | 2.281715 | 2.281942 | 227 
192| 2.283301 |2.283;27 | 2.283753 | 2.283979 2.284205 | 220 
193] 2 285;57 2.285782 2.286007 | 2.286232 | 2.286456 | 225 
194 2.287802 2.288025 | 2.288249 | 2.288473 | 2.288096 223 
105 2.290035 | 2.290257 | 2.290480 | 2.290702 | 2.290925 | 222 
| 196] 2.292256 | 2.292478 | 2.292699 | 2.292920 | 2.2y3141 | 221 
1972.294400 2.294687 | 2 294907 |2-295127 | 2.295347 | 220 
198| 2.290665 | 2.296884 | 2.297104 | 2.297323 | 2.297542 | 219 
199 2.298853 | 2.265071 | 2 299289 | 2.299507 | 2.299725 | 218} 
200 2.301030 | 2.301247 | 2.301464 | 2.301681 | 2.301898 | 217| 
201 2.303196 | 2.303412 | 2.303628 | 2.303844 | 2.304059 | 210 
I 202 2.305351 {2.305566 | 2.305781 | 2.305996 | 2.300210 | 215} 
| 203| 2.307496 | 2.307710 | 2.307924 | 2.308137 | 2.308351 | 21g 
j 204 | 2.309630 | 2.309843 | 2.310056 | 2.310268 | 2.310481 | 212 
| 205| 2.311754 |2.311960 | 2.312177 | 2.312389 | 2.312600 211 
200' 2.313807 [2.314078 | 2.314289 [2.314499 | 2.314710 210 
| 207 | 2.315970 2.316180 2 316350 | 2.316599 | 2.3168cg | 209 
208| 2.318063 2.318272 2.318481 | 2.318689 | 2 318898 | 208 
209 | 2.320140 | 2.320354 | 2.320502 ; 2.320769 | 2.320977 | 207 
2102.322219 |2.3224206 | 2.322533 | 2 322839 | 2.323046 | 200 
| 211] 2.324262 2.324488 2.324094 | 2.324899 | 2.325105 | 205 
2122.320336 12.326541 | 2.325745 | 2.326950 ! 2.327154 | 204 
213| 2.328380 | 2.328583 | 2.328787 | 2.728591 | 2.329194 | 2033 
214 2.320414 2.330017 | 2.320819 | 2.331022 | 2.331225 202 
2152.332438 2.332640 2.332842 2.333044 2.333240 | 202 
216; 2.334454 2.334653 | 2-334856 | 2.335050 | 2.335257 | 201 
217 2.336460 | 2.336660 | 2.336860 | 2.337060} 2.337200 | 200 | 
| 218] 2.338450 | 2.338050 | 2.338855 | 2.339054 | 2-339233 | 199| 
| 219| 2.340444 | 2.340042 | 2.340840 5341939 | 2.341237 | 198 
_ | 220| 2.342423 |2.342620 | 2.342817 2.343014 | 2.343212 | 197 
221] 2.344392 2.344589 2.344785 | 2.344981; 2.345178 | 196| 
222| 2.340353 2.340549 2-346744 | 2-340939; 2.347135 | 195 
2232.348305 | 2.348500 | 2.348694 | 2.348889 2.349083 194 | 
224 2.350248 2.350442 2.350530 | 2.350829 | 2.351023 | 193 
225| 2.352182 |2.352375| 2 332568 | 2.352701 | 2.352954 | 193] 
226 2.354108 |2 354301 | 2.354493 | 2 354684 ; 2.354876 | 192 
En 2.356026 |2.359217 | 2.356408 | 2.355599 | 2.356790 | 191 
2282.357938 [2.258125 2 358316 


2.358506 2.358696 190 


CCC... ͤ K 
| 1 186 2.270079 2.27091212.271144 2 271377 [2.271009 233 
| 187 ax {2094 2.273233 | 2.273404 2 273096 2.273927 23. 
188 2.275311 2.275542 | 2.275772 2.27 00 2.276232 230 
189 2.277609 2.277838 2 278067 2.278296 2.278525 2206 
1902.279895 2.280123 2.280351 2.280578 [2.2800 142 
| 191| 2 282169 2.282395 | 2 282022 2282849 2.283075 22; 
| 192 2.284431 | 2.284056 | 2.284882 2 285107 |2 285332 
193 2.286681 | 2.286905 | 2.287130\ 2.287354 |2-287579| 22:1. 
1 194 2 288920 | 2.289143 2.289306, 2.2895 89 [2.285812 $35 
| 195 | 2.291147 | 2.291369 | 2.291591} 2.291813 |2 292034| 22 
| 196| 2.293302 | 2.293583; 2.293504} 2.294025 |2.294246| 221] 
197 | 2.235569 | 2.295787 | 2. 29600 2.250226 | 2.296446 | 22c|. 
198 2.297700. 2.297979 | 2.298198 e 2.298635 210 
| 159| 2.299943 2.300160 2.300378 2 30959 2.300813 21d} 
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201 2.304275 | 2 3034902. 304700 2.304921 | 2.305136 21th 
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203| 2.308564 | 2.308778 2.308991 2.309204 2.309417 215] 
204 2.310693 | 2.310906 | 2.311118] 2.311330 |2.311542}| 212 
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[ 207 2.317018 | 2.317227 | 2.317436 2.317045 2.317854 2051 
208 2.311105 | 2.319314 | 2.319522] 2.319730 [2.319938 2c 
209 2.321184 | 2.321391 | 2.321598| 2.321805 |2 32212 207 
_ | 210 2.323252 | 2.323458 2.323664 2.323871 [2.324077 200 
| 211| 2.325310 2.3255 162.3257210 2 325526 |2-320131,} 205 
212| 2.327359 | 2.327563 | 2.327767 2.327972 {2 328176] 20 
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216; 2.335458 | 2-335658 | 2.335559] 2.330059 [2-330259| 201 
21% 2.337459 | 2-337659| 2 237858] 2.338058 2.338257 200% 
218 2.339451 2.339650 | 2.330845] 2.340047 |2.340240| 199 
| 219 2.341434 | 2341632 | 2.34i530| 2 342028 2.342225 195}. 
220 2.343409 2.343605 2.333802 2.343999 2.344196| 197 
| 221; 2.345374 | 2:345570 | 2.345766 2.345961 2.340157 190 
222 2.347330 | 2 347525 | 2.34772C| 2 347915 2.348110] 195| 
223 2.349277 | 2.349472 | 2-349666| 2.349860 |2.350054| 194% 
224 2.351216| 2.351410 | 2.351603 2.351796 |2-351989] 193 
_ | 225. 2.353146 | 2-353339 | 2353532] 2-353724 | 2353910 193}. 
| 226 2 355068 | 2.355260 | 2-255451] 2-355643 |2-355334| 192 
| 227 esse 2.357172 2.357363 2.357554 |2:357744| 191 
Een 4 2.2c5076 | 2 389266 2 359456 2.359640 190 


— « * — — — 


D d 


| [-- = from 1 to 10000. (401) | 
Nu 


( 402 ) 


A Table of Logarithms, 
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250 
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1.359835 
2.301729 
2.363612 
2.365488 
2 367339 
2.369216 
2. 371068! 
2.372912 
7.37474 
2325 
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| 2. 382017 
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2002300935 
2.392507 
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2-46 3300 
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2. 41 0040 
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2.424882 
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2.364917 
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2.365675 
2.307542 
2.369401 
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2.37 3090 
2.374932 
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2. 387 568 
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| 
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2.392873 
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2.398114 
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2.378701 
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2.393048 


2.394802 
2.390548 


2.398287 
2.400020 
2.401745 
2.403464 
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2.426836 
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2.308473 
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3.775 
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2.393751 
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2.397245 | 2 
ee 


2.402433 
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2.427648 
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2.441006 
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2.444357 


2 447408 
2.449013 
2.450357 
2.452093 
2.453024 
2.455149 
2.450670 
2.458184 
2.459094 


2.461198 


2.452697 
2.404191 


2.46 50680 


2.407 04 
2.408643 
2.470116 
2.471585 
2.473049 
2.474508 
2.475902 
477408 

2.478855 
2.480294 


. 4817 29 


2.45301" | 2 
2.484142 
2 485863 


2. 485138 . 487280 


2.488092. 
2.499099 
2.491 502 
2.492900 
2.494294 


2.425083 


2 497068 


483159 
2.484584 
2.485005 
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316 


2.498311 
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2.522575 
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2.498724 


1 
2.508911 
2.508260 
2.509606 


977. 


2. 500 100 
2.501470 | 
2.502837 | 2-502973 | 
2.504199 j 


2.513617 
2.514946 
2.516271 
2.317592 
2.5 18909 
2.520221 
2.5215 30 
2.522835 
2.5 24136 
23 


2.5 28016 
2.529302 
2 539584 
2.531862 
2.533136 


2.535074 
2.530937 
2.538197 
2.539452. 
2.540705 
2.541953 
2.543199 
2.544440 
2.545678 


2.546913 


2.548144 ö 


2 552911 


2.520727 


— 
2.498862 
2. 500236 
2.501607 


2.504335 | 
2.505693 
2.507040 
2.508395 
2.509740 


2.510947 ; 2.511081 
2.512284 


2.512417 
2.513750 
3317579 
2.5 16403 
2.517724 
2.519042 
2.520352 
2321661 
2.522966 
2.5 24266 
2.525503 
2.5 26856 
2.528145 
2.4 294.30 


2.5 307 12 
2.531989 


2.533263 
2.534534 
2.535800 
2.537063 | 
2.538322 


2.539578 


2.540830 
2.542078 
2.543323 
2.544504 
2.545802 
2.547036 
2.543266 
2.549494 | 
2.39212. 
2.551938 
2-553154 


| 
| 


357 2.552668 


2.552790 


* 


22 — 


* 4 - 


Dift.\ 


— 1 — 
wx» m r 


* * E wa At co. —*»—ͤd ˙—ůUmd ̃ ̃ ̃ m Add. dt... ih. k A. Mn Mt. td. ron 


TS - 


"from 1 to I 0000. 


( 407 } | 


5 


2 501744 
2.503109 | 
2.504471 
2 5035 28 
2.507181 
2.508530 
2.509874 | 


hou 511215 


332525592 
2. 526985 
12.528274 


2.829589 
2.5 30840 


2.512551 


2.13883 


2.51 5211 
2.516535 


2.517855 


2. 519171 
2.520483 


2. 521792 
2.524396 


2. 532117 
2.543391 
2.534601 
2.535927 


2.537189 


2.538448 


345 2.530703 


2.54095 5 
2.542203 


2.544688 


2548389 
2.5 49616 


2.352059 


2.553276 


2.498999 
b 1 25 


2.523096 


2.543447 


2-545925 
2.547199 


2.5 50840 


6 


2. 5005 11 
2.501880 
2.503246 2. 
2 504607 
2.505963 
2.507316 
2.508664 
2. 510008 
2.512348 
2,512084 
2,514016 
2515344 
2,5 18008 
2,5 7987 
225193093 
2,520614 
12,521922 
2,523226 
2.524526 
2,5285822 
2.527114 
2.528402 
2.529687 
2.5 30958 
2.532245 
2.533518 
2.534787 
2.536053 
2.537315 
2.538874 


2.541080 
512327 
2.543871 
[2.544812 
2.540049 
2.547282 


2.548312 


2549739 
2,5 50962 
5 
. 2 


[2.499137 


2.539829 


7 
2-499275 
2.500048 
2.502017 
2.503382 | 
(2.504743 
2. 506099 
2.507451 
2.508799 
2 510143 
2.811482 
2.512838 
424 
51547 
2.516800 
2.518119 
2.519434 
2.520745 
2.52205 
1 
2.524656 


2.527243 
25285312 


253109 


2.533645 
hay $34914 
2.5 36179 
2.537441 


2.542452 
2.5 43696 
2.544936 
2.540172 
2.547405 | 
2.548635 | 
2.549861 | 


2.552303 
2.353519 


4 


2.524785 
2.5 2608112. 


— ᷓ-l3äkk 


2-525952} 


2.529815 
2.532372 [ 2. 


2.538699 
2.539954 | 7 
2.541205 


2.5 5 1084 


2.499412 
2.500785 
Haag, dan 154 


2.5035 1812 
2.506234 
2. 507 5802 
2. 508933 


— Aft 


2. 512957 
2. 574282 
2.518609 
oo 2.518932 


2.519563 
2.520870 
2.522183 


2.523488 


2.527372 


2.529943 


2.543820 
2 545060 
2.546296 
2.547529 
2.548758 
2.549984 
2.551200 


2.552425 


2.504878} 


2.510277 
2.511616 


2.518251 2. 


2. 5 2800 2. 


2 
2.499550 
2.500922 
2.502290 

2.503654 
2.505014 


2-506 370 
207721 


Uitt. 


F i. ca it oat AAMMqC. A&4.-ao .-£ii..o: _—_— „ 
Ly 


2.540204 
——— 


2.542701 

2.543944 
2.545183 
2. 5464 19 
2.547052 
2.548881 


2.550106 


2.551328 
2.552546 


* 
Rr ˙ As. td 0 


2.541454 


N 


D d 4 


2. $53042 2.553702 


i 40! ) A Table of Logarithms, 5 | 
Num| 0 1 2 — 2 - 
2.553883 |2-554004 |2 554120 [2.554247 | 2 554368 


{ 


| 362 


30312 


2 

370, 
[378] 
372 


378 


N 376 
377 


278. 


379 
38 0 
381 
382 
383 
384 
385 
386 
387 
388 


389 
390 


391 
392 
393 
394 
3/5 
390 
397. 
398 

399 


2.555094 
2.556302 


2557507 


2.558, . 


5590 
2. 561101 
2 502293, 
2.3.3481 


.c64:66 


2.595040 
2. 567020 
5 ae 
2509374 


2.5705 45 
373 2.571709 
1 374 


2.572872 


2.57401 


2.575188 
2.576341 
Ho $77492 


2. 578639 
. 979784 


2.580925 


2.582063 
2.583109 


2.584331 
2.585401 


2.580587 | 


2.587711 
2.588832 


2.589950 


2.591005 


2.592177 | 


2.593280 
2.554392 
2.595495 


2.390557 
3.597 95 


2.598790 
2.599883 
. 600973 


} 400 2 602060 


III” I 
25554232 
2.357027 
2.55 8828 
2.5 00026 
2.561221 
2.562412 


[2.503000 
2.504784 | 


2 5-5900 


2568319 
2.56949 
2.570000 
2.571825 
2.572588 
2.574147 
2.575303 
2.570436 
2.577007 


S. 579898 


2.582177 
2.583312 
2.584444 
2.585573 


2. 587823 


. 588944 
2.4 C0061 


2.591176 
2.592288 


2.594503 


2.597905 
2.599900 


2.599992 
2.601032 


2.602168 1 


S. 5378754 
2.5810; 9. 


2.5 56700 | 


© 393397- 


2.595606 
2.599707 


2.55,330 


2544 
| 2.557745 
2.55894 | 


2.56-1;6|2 
2. 561340 
2. 302531 
2.5037 18 
2. 96293 


| 2.500084 
2.507 144 


2567262 
2.598436 
2.509603 


2 570776 


2.571942 
2.573104 
2 574263 


2.575419 


2.570572 
2.577721 
2 578505 
2.559012 


2.581153 | 


2. 582291 


2583425 


2.584557 2 
2.585686 
2.580812 
2.587935 
2 589055 


2.590173 


2.591287 
2.592399 
2.593508 
2.594013 
2.395717 


2.556817 


2.597914 
2 599009 
2.600101 


2.601190 
2 602277 | 


2.555457 
2.55006, 


2.557508 | 


2.,61459 
Z. 562050 
2.503837 
2.565021 
2.50. 203 
2.567379 
2.568554 
2.505725 
2.570893 
2.572058 
2.573220 
2.574379 


2.375534 
2.570687 | 2 


2.80126 

2.581267 
2 58240 
5835835 

5 84670 
2.585799 
2.586925 
2.588047 
2.589107 
2.590284 
2.591398 
2.592510 
2.593618 
2.594724 
2.595827 


2.596927 
2.598024 
2.599119 
2 600210 


2.60 1299 


2. 2.602386 


2.559008 | 2 
2.560265 


2.577836 
2.578983 


2 


2.555578 


2.550785 
2.557988 
2.559188 


2.560385 


2.301570 
2.502708 
3.553955 


2.565139 


2.56032 


2.567497 


93 
2. 57 1010 
2.572174 


2.573330 
2.574494 
2.575050 


2.570802 
2777951 
2.529097 


2.5 80240 
2.591381 


2.582518 
2.583552 
2.584783 


2.585912 | 


2.387037 
2.588160 
2.389279 


2.590396 | 
2.59 15 IO | 


2.592021 


2.593729 
2.594834 
2.595937 
2.597037 
2.598134 
2.599228 
2. 6003 19 
2.601408 


2.602494 


— 


—— 


{ 114 


— 


| 


121 


from 1 to 10000 


| 358 | 2.554489 


2.568788 


2.599959 
2.571126 
2.572291 
2.573452 


2.574610 


62.575765 
2.576917 


2.578066 


| 2.579212 


2.580355 
2.581495 
2.582631 
2.583765 


2.584896 


2 586024 
2.587149 
2.588272 
2.589391 
2.590507 
2.591021 


3.592732 


2.593840 
2.594945 
2.590047 
2.597146 
2.598243 


2.599337 
2.600428 


2.601517 
2.602602 


© 
2.554010 
2.555820 
2.557026 
2.558228 


2.5 59428 


2.500024 


2.561817 
2.563000 
2.564192 
2.595375 
2500555 
2.507732 
2.568905 
2.570076 
2.571243 


2 572407 
| 2-57 3508 


2.574726 
2577032 


12.578181 


2.579320 
2.580469 
2.581608 


2.582745 
2.583879 


2.585009 
2.586137 
2.587262 
2.588384 
2.589503 
2.550619 
2.591732 
2.592843 
2.593950 
2.596157 
2.597256 
2.598353 
2.599446 


2.60162 5 


| 


2.602711 


| 


2-575880 


2.59750 5 


2.6005 37 


3.5% 


2.8494 


2.878295 


2 590730 
2.591843 


7 


2.555940 
2.557146 
2.558348 
2.559548 
2.,00743 
2.561930 
2.563125 
2.504311 


2.506673 
2.50; 849 
2,56g9023 
2.570193 
2.371359 
2.3725 27 
2.573084 
2 574841 
2.375950 
2.577147 


2.579444 
2.580553 
2.581722 
2.582858 
2.583992 
2.585122 
2.5 86250 
2.587374 
2.5 88496 
2.589014 


3.592954 
2.594061 
2.595165 
2.596267 
2.597366 
2.598462 
2.599550 
2 600646 
2.601734 


| 


; 


8 
2.554852 
2.5 56061 
2.557200 
2.558465 
2.559667 
2.500803 
2.502055 
2.503244 
2 504439 


2.565012 


2.500791 
2.567967 


2.569140 | 2. 


2.579309 


2.571476 | 2. 


2.572039 
2,57 3500 


2.574957 


2.570111 
2.577262 
2.578410 


2.579555 
2.580697 
2.581836 
2.582972 
2.584105 
2.585235 
2.586362 
2.587480 
2.588608 
2 589720 
2.590842 


2.591955 
2.593064 


2.594171 


2.595276 
2.596377 
2.597476 
2.598572 
2.599065 


2 600755 
2.601843 


2 602928 


7": 


| 2.578525 


2.579559 
2.5 808111 


2.589838 
2. 592066 


2.598681 


2.599774 
2.600864 


2.572755 
2.573915 
2.375072 
2.575226 
2.577377 


2.581950 


2.583085 
2.584218 


2.585 348 
2.586475 


2.587599 
2.588720 


2.593175 


2.594282 
2.595 386 


2.590487 
2.597585 


2 601951 


2 603036 


2.602819 


| ( 410) A Table of Logarithms, 

L At | Num 9 3 | $1 4 a0 
3 | 401 2 603144 | 2.603253 |2.603301 | 2.603469 2 603577] 

402 2.604226 | 2.604334 | 2.604442 2.604550 2.004658} 108 

| 403 2.605 305 2.605413 2.605 520 2.605028 2 605730 

| 404 2. 600381 | 2. 606489 2. 600.590 2 606704. 2.005811 107 | 
495 2.60745; 2.607562 2.607669| 2.607777, 2.607884} 107} 

| 406 2.6085 201 2 603633 2 608740 2.608847 2.608954} 

| 407 2.609 594 2609701 2.609808 2.6099 14 2.610021 | 107 

408 | 2.610600 2.610767 2.610873 2.610979 2.611086} 

409| 2.611723 2.611629 2.611 930 2.612042 2.012148 105 

4402.612284 2.612890 | 2. bene 2.613102|2.613208| 105 


411 | 2.613842 2.613947 2.614053 | 2.614159 2.014264] 105 
412 2.614897 2.61 500 [2.615108 | 2.615213|2-615319] 105 
4132.615950 1855 443955 2.616265 2.616370 
I 474 2.617000 2.617105 2.617210 2.612315 2 017420] 105 
415 2.618048 2.618153 2.618257 2.618362 2.648466 105 
416 | 2.619093 | 2.619198 2.619302 2.619406 2.619511 104 
417 | 2.620136 | 2.620240 | 2.620344| 2.620448| 2.620552] 104} 
| 4182.621176 2.621280 2.621384 2.621488 2.621592 104 
| 419 2.622214 | 2.622318 2.622421| 2.622525| 2.622028} 104 
| | 


420, 2.623249 2623353 2.623456 2.623559| 2.623663} 103 


421 2.624282| 2.624385 2.624488 2.624591| 2.624694} 103 
R LE 


| 422 e 2.625415 2.625518 2.625521 2.625724 103 = 
| 423 |2.626340| 2.626443 | 2.626546| 2.626648 2.626751] 103 
f 


424 |2.627366| 2.627468 | 2.627571 | 2.627673| 2.627775] 102} 
425 2.628389 2.628491 | 2.628593 | 2.628695 | 2.028797} 104 
426 2.629410 2.629511 | 2.629613 | 2.629715} 2.629817] 102F } 
| 427 |2.630428 2.630529 | 2.630631 | 2.630733 | 2.630834} 
| 


—  — 


— 
Oo 
ty 


428 | 2.631444 2.631545 2.631647 2.631748 2.631849] 101 
429 2.632457 2.632558 2.632660 2.632761 2.632862 1014 
430 2.633458 2.633509 | 2.633670 | | 
4312.634477 | 2.634578 2-034079 2.634779 2.034880} 100 | 
FX "0 | 432 2.635484 | 2.635 584 2.635685 2.635785 | 2.635836 100 | 
13 . 75 433 2.636488 2 036588 e 100 
1 4342.637490 2.637590 2.637690 2. 5287368878 100 
bf | | 435 |2-638489| 2 638 5892.638689 2.638789 2 
4362.639486 2.639586 | 2.639686 2 639785 | 2.639885 | 
> 437 [2040481 2.640581 | 2.040680| 2.640779 2.640879] 99 

438 2.641474 | 2-641573 | 2.641672 | 2.641771 | 2.641870 90 
439 2.642464 2.642563 | 2.642662 | 2.642701 2.642860] 99 
440 | 2.643453 | 2.643551 ; 2.643650 | 2.643749. 2.643847) 98 
| 441 2.644439 2.644537 2.644633 | 2.644734 2644835 


2.633771 2.633872 1016 | 


—— 


| 
ö 

3 442 2.645422 2.645520 2.645619 2 645717 2.645815] 98 
þ 4432. 646404! 2 .646502 | . 5 -646698 _ 2: 646796 * 


* 


.- 


from 1 to 10000. 
C 


(41 
3 


3 


2.603085 
2.604760 
2.605843 
2.606918 |2 
2.607991 
2.60yobo 
2.610128 
2.611192 
2.612254 
2.613313 
2.614370 
2.615424 


2.00 
Z. Pry £4 
2.605951 
2.607026 
2. 608098 
2.609167 
2.610244 
2.611298 


2.612360 


2.613419 


2.614475 


2. 615529 
2.6105 80 


2.617629 
2.618675 
2. 619719 
2. 620760 
2.621799 
2.622835 
2.623869 


2.624901 


7 [2.625929 


2.620956 
2.627980 
2.629002 
2.630021 
2.631038 
2.632052 
2.633004 


2.634074 


2.635081 


2.636080 


2.637089 
2. 63 8090 
2.639088 


2.640084 


2.64 1077 
2.642069 
2.643058 | 
2.644044 
2.645029 


2.646011 
2.646991 


2.603902 
2.604982 
2.600059 
2.607133 
2.608205 
2.609274 
2.610341 
2.611405 
5. 448 10 
2.613525 
2.614581 
2.615634 
2,0166852 
2.617734 
2.618780 
2.619823 
2.620864 


2 621903 


2. 622939 
2.623972 


2.625004 


2.020032 
2.027058 

2.628082 
2.629104 
2 630123 


2.031139] 


2.632153 


2.633165 
2.634175 

2.635182 
2 636187 


2.037189 


2.638 190 


2.639188 
2 640183 
2.641176 
2.642 168 


2.643156 


2.644143 


2 045127 


2.646109 


2.610447 | 


2.604010 
2.60;089 
2 600166 
2.607240 
2.608312 
2. 609381 


2.611511 


| 


2 612572 
2.613630 


2.614086 


2.615740 


2.616790 
2.617839 
2 — 
2.619928 
2.620968 
2.622007 | 
2.623042 | 
2.624076 
2.625 107 


2.626135 
2.627161 
5 628184 
2.629206 
2.630224 
2.631241 
2.632255 
253326 
2.634276 
2 635283 
2.636287 
2.637289 
2 638289 


2.639287 


2.6402 83 


2.641276 


2.642267 


2.643255 


2.644242 
2 645 226 


2.646208 


2.604118 


1 625197 


2.506274 
2.607345 
* 60849 
2.609488 
2.610554 
2.611617 
2.612678 
2.613736 


2 -014792, 
2. 615845 
2.616895 
2.617943 
2.618989 
2 620032 
2.631072; 
2.622110 


2 6231 46, : 


2.6241 79 
2.525 209 
2.626238 
2.627263 
2. 628287 
2.629308 


2.630326 
2.631342 
2. 632355 


2.633367 
2.634376 


2.635383 


2.636388 


2.037390 


2. 38389 


2.639387 


2.640382 


2641375 


2.642366 


2.943354] 


2.044 340 
2.645324 
2 646306 


— þ 


2.647089 


2.047187 


2.647285] 


q ( 412 ) A Table of Logarithms, | 
JJ 


7 2 


448 
| 449 


| 451 


452, 
| 453 


| 462 
463 
404 


465 


468 
470 
472 


479 


6 


; 


444 


440 
447 


450 


"454 
455 
450 


457 
458 
459 
400 
461 


466 
407 


469 
471 


473 
474 | 
475 


1476 
477 
478 


480 
481 
482 
483 
484 |2 


435 
486 


| ns 
2.647383 
1445 


2.648360 


2.047481 
2.048458 


2.049335 


2.649432 


2.650307 | 2. 650405 | 
2.651278 2.651375 
2.652246 2 052343 


2.653212 2.653309 


2.654176 2.554273 
2.655138 2.655234 
2.656098 2.650194 2 650290 


2. 55705 2.057151 | 


2.658011 2.658107 


2.658965 
2.0599 


2.639060 | 
10 2.660011 
2. 00865 | 


2.660960 


2.661813 | 2.061907 


2.6627 


58 2.6628 52 


2.663701 2.663795 
2.664642 | 2.664736 


2.065581 
2.666518 


2.007453 
2.668 380 
2.669317 
2.670246 
2.671173 
2.672098 
2.673021 
2.673942 
2.674861 


2.675778 


2.676694 | 
2.677607 | 


2.678518 
2.679428 
2.68033 5 
2.681241 
2.682145 
2.083047 
2.083947 

2.0848 
2.68 5742 


| 


2.665675 
2.666612 
2.667540 
2.668479 
2.669410 
2.670339 
2.671265 
2.672190 
2.673113 
2.674034 
2.674953 
2.675870 
2.676785 
2.077098 
2.678609 
2 679519 


2.681332 
2.682235 
2.683137 2 
2.684037 


45 ' 2.684935 | 


2.085831 


2.680426 


2.047578 
2.948555 
2.049530 
2.650502 
2.051472 
2.052440 
2.053405 
2.654309 
2.655331 


2.057247 
2. > 
2.659153 

2. 660100 
2.6010;5 
2.662002 
2.662947 
2.663889 
2.664830 
2.605708 


2.967640 
2.668572 
2.669503 
2.670431 


2.671358 


2.672283 
2.673205 
2.674126 
2.075045 
2.075901 
2. 2.079070) 


2.577789 
2.078700 
2.679610 


2.681422 
de ezes 

583227 
2. 684127 
2.685025 


7 


2.6805 17 


2.647076 
2.648653 2 
2.64962; 

2 630599 


2.653502, 
2.654465 
2 053427 


| 2-057 343 
| 2.65 8298 


| 2, 659250 
2.660 201 
2.661150 
2.662090 
2.663041 
2.663983 


2.665 862 


2.666705 | 2. 665 .66t.799 
2. 6607733 


2.60866 5 


2.071451 
2.072375| 
2.073297 
2.674218 
| 2 675136 
2.675053 
2 2.676968 


| 2. 2.077881. 
| 2.078791 


2.681513 


2.031509 2.65 1666 
2.052536 2682633 
2 05359} 


| 2.656380 


2.664924 


2.669596 
| 2.670524 


2.683317 
2.684217 2.684307 
| 2.685114 2-085204| 
2. 683921 | 2. £86010, 2.686100 
2. 686904 


2 947774 


7 2 649724 


2 650696 


2.654502 


2.05743 
2.658393 
2.059340 
2 660296 
2.601245 
2.602191 
2. 663135 
2.604078 


2.605956. 


2.067826 
2.668758 
2.669089 
2.670617 


2.672407 
| 2-073390 
2.674310 
2.675228 


| 
2.677080 


2.955525] 
2,6580481 


2.665018 
2.666892 


2.671543 


2.076145 


2 077972 
2.678882 


2.679700 2.679791 
2.680607 2.680698 


| 2.681603 


2.682416; 2.682506 
| 2.083407 |. 


2.686994 |. 


22 — 


2. 686636 1 2. 2.686726 | 2.6858: c 


c * r n 


* — 


rom 1 to 10000. ( 413 ) | 


— 5 6 | 7 8 | 9 "(Diff 


4442.647872 2.647969 | 2.048067 | 2.048105 | 2.648262| 98 
445 |2.648848 | 2.648945 2.649043 | 2.049140 | 2.649237 97 
440 2.649821 2.649919 | 2.650016 |2.650113| 2.650210! 97 
| 447 2.650793 2.650890 | 2.650987 | 2.651084 | 2.051181 97 
448 2.651762 | 2.651859 2651956 2.652053 2.652180 97 
449 2.652730 2.652820 2.652923 2.653019 2.653116 97 | 
450 2.63 3696 2.653791 2.063888 |2.053984| 2.65 4080 95 
451 |2.654058 | 2.654754 | 2.654850 2.65 4940 | 2.655042} 96 
452 2.655619 | 2.655714 |2.6;5810 2.65 5906 2.656002 | 96 
453 2.686577 | 2.656673 | 2.655769 |2.656854 | 2.656960 96 | - 
| 454 |2-057534 | 2.657629 | 2.657725 2.057820 2.657916! 964 
| 455 [2.058488 | 2.058584 |2.658679 2.658774 2.658870| 95 
4502.659441 | 2.659536 | 2.659631 2.659726 2.659821| g5 
| 457 |2-060391 2.600485 2.660581 |2.660676 | 2.660771| g5 
| 458 2.561339 2.661434 | 2.661529 [2.661623| 2.661718 95 
459 2.002285 2.652330 |2.552474 2.662 569 2.652663| 95 [ 
460 | 2.663230 | 2.663324 | 2.663418 |2.663512| 2.663007 94 
461 | 2.664172 | 2.664260 | 2.664360 | 2.664454 | 2.664548 94 
| 462 2.555112 2.665205 | 2.665299 2.655393 2.665487 94 
463 |2.6560;0 | 2.666143 | 2.666237 |2.666331| 2.666424| g4 
404 , 2.666986 | 2.667079 | 2.667173 2.667 266 2.667359 94 
| 2.607920 2.668013 | 2.608106 |2.668199 | 2.668293 | 93 | 
400 2.6688 52 2.668945 | 2.659038 |2.669131| 2 669224 93 
407 2.069782 | 2.669874 | 2.669967 | 2.670060 | 2.670.53| 93 
| 468 | 2.670710 | 2.670802 | 2.670895 | 2.670988 | 2.671080 93 | 
469 2.671636 2.671728 |2.671821 |2.671913| 2.672005| 93 
470 |2.672500 | 2.672652 | 2.672744 |2.672836| 2.672929 g2 | 
471 2.673482 | 2.673574 | 2.673606 |2.673758| 2.673850| 92 | 
472 2.074402 | 2-674494 | 2.674586 2.674077 2.574769| 92 
473 2.075320 2.675412 2.675 503 2.675 5905 2975687 92 
474 2.076236 2.676328 | 2.676419 2.6765 2.7602 92 
475 2.077150 2.677242 | 2.077333 2.677424 2.077816 g1 
476 | 2.078003 | 2.678154 | 2.678245 |2 678330 | 2.678427 91 
| 477 |2.678973 | 2.679064 | 2.679155 |2.679246| 2.679337| gi | 
478 | 2.679882 | 2.679973 | 2.680063 | 2.680154 | 2.680245 91 
479 2.689789 2.680879 | 2.680970 | 2.681060| 2.681151| 91 | 
480 |2.081693 | 2.681784 | 2.081874 | 2.68196, | 2.68205 90 
| 481 | 2.682596 | 2.682686 | 2.682777 | 2.682867 2.682957 go 
| 482 | 2.683497 | 2.683587 | 2.683077 | 2.683767 | 2.683857| go | 
483 2.684396 2.684486 2.684576 2.684666 | 2.6847 56 go | 
484 | 2.685294 | 2.685383 2.685473 2.685 563 2.68 8653 go | 
1 | 485 2.686189 2.686279 | 2.686368 | 2.686457 | 2.686547 89 
D 486 2.687083 2.687172 |2 687261 2.687351 2.687440 89 
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A Table of Logatithms, 


Num 


487 
| 488 


| 489 

490 | 
491 
492 
493 


| 494 
155 
1425 
497 
| 498 
1} 499 


500 
501 
502 


| 503 
| 594 
| 595 
1} 500 


307 


Fos 
. ws 


510 


1511 
1512 


513 
514 


515 
515 


517 
518 
519 
1 
| 521 
f $22 


"| #3 
[ 524 
525 

526 


1 527 
528 


($20) 


* 


0 2.723450 


at 


2.087529 


2.688420 
2.689 309 
2.690196 
2.691081 
2.69 1965 
2.692847 
5092757 
2.694605 


2.695482 


2.696356 


2.697229 
2.698 100 


2.698970 


2.699838 
2.700704 


2.701508] 2. 


2.702430 
2.703291 
2.704150 

2.705008 
2.705864 
2.700718 
2.707570 
2.708421 


2.709270 


2.710117 
2.710963 

2.711807 
2.712050 

2.713490 
2.714330 
2.715167 


2.716003 
2.716838 
2.717670 
2.718802 


2.719331 


2.720159 


2.720986 
2.721811 
2.722634 


K 


33 
2.687618 
2.088509 
2.689398 


2.705094 


2.705949 
2.700803 
2.707655 
2.708506 
2.709355 
2.710202 


2:712734 
2713574 
2 714414 
2.715251 
2.7 16087 
2.716921 
2-71775% 
2.718585 
2.719414 
2.720242 


2.721893 


2. 722716 | 


2.711048 | 
2.711891 


2.721068 


2.723538 


— 
2.087707 
2.688598 
2.689480 
2.690373 
2.691258 
2.092142 
2.693023 
2.093993 
2.694781 
2.095057 
2.695531 
2.697404 
2 698275 
2.699144 
2.700011 


2.700877 


2.701741 
2.702603 
2.703463 
2.704322 


2.705179 


2.706035 
2.706888 
2.707740 
2.708591 
2.709440 
2.710287 
2.711132 
2-711976 
2.712818 
2.713058 
2.714497 
6.723 II 
2.716170 
2.717004 
2.717937 
2.7 18668 


2.719497 
2.720325 | 


2.721151 
2-721975 


| 2.723702 


3 


2.687796 


2.088087 
2.083575 
2.690462 
2.091347 
2.692230 
2.693111 
2.693991 
2.694.868 
2.095744 
2. 2.690618 
2.697491 
2.698362 
2.699230 


2. 700098 


2.700963 
2.701827 
2: 702689 


2. 703549 
2. 704408 


2.705 265 


| 


2.700120 


2.705974 
2.707820 
2.708670. 


2.7095. 


2.710371 
2.711216 
2.712000 |2 
2.712902 


2.713742 


2.714581 


2.715418 
2.716254 
2.717088 


2.717920 


2.718751 


2.7195 80 
2.72947 
2.721233 
2.722058 
2.722881 


4 


2.688776 
2.689664 
2.690550 
2.691435 
2.092318 
2.693199 


2.687885 


2.701050 
2.701913 
2.702775 
2.703635 
2.704494 


2.706205 
2.707039 
2.707911 
2.708761 
2. 70960 
2.710456 
2.711301 

2:712144 
2. 712986 
2.713826 


2. .714665 
24715502 
2.716337 
2.717171 
2.718003 
2.718834 
2.7 19663 
2.7 20490 
2.721316 


2.722963 


2.705350 


2.722140| 


— —— — 


— 82. 6 


1 


»„— 


! 
] 


— 


from 1 to 10000. 


Num 


491 
492 


| 493 


494 
195 


490 


$93 


504 
505 
od 


$07 


| Err —— —ũẅV— 


| 527 


508 


509 
clo 


WIT 
1 512 

513 
| 514 
| $15 


516 


| 517 


518 


528 


{ 529 
— 


5 


—  \ 
487 2.687975 
| 488 
| 439 
| 490 


, 2.688865 


2.689753 
2.690639 
2.691523 
| 2.692406 
2.693287 
2.694166 
| 2.695044 
2.695919 


( 


2.701999 
2.702861 
2.703721 
2701579 
2.795430 
2.706291 


2.707144 


2.707996 
2.708846 
2. 709694 
2.710540 
2.711385 
2.712229 
2.713070 
2.713910 
2.714749 


2.715586 | 


2.716421 
2.717254 


2.718086 
2.718917 


2.719745 
2.720573 


12-721 398 


2.722222 
2.723045 


6 | 


7 


— — — — 
72.688004 2.088153 


2.688953 2.689042 


2.689841 


2.690727, 
2.691612 


2.692494 


2.573375 
2.094254 


2.695131 
2.696007 


2.637752 


| 2.698622 


2.699491 
2.700357 
2.701222 


2.702086 


2.702947 
2 703807 
2.704665 


2.705522 


2.706376 
2.707229 
2.708081 
2.708931 
2.709779 
2.740025 
2.711470 
2.712313 
2.713154 
2.7 13094 
2.714832 
2.715659 
2.716504 
2.717338 
2.718169 
2.719000 
2.719828 


2.720055 


2.721481 
2.722305 
2.723127 


2.723948 


2.689930 
2.6908 16 
2.691700 
2.692583 
2.693463 
2.694342 
2.695219 
2.696094 
2.696968 
2.097839 
2.698709 
2.099578 
2.700444 
2.701309 
2.702172 
2.703033 
2.703893 
2.704751 
2. 70 5607 
2.700462 


2.707315 


2.708 166 
2.709015 
2.709863 
2.710710 
2.711554 
2.712397 
2.713238 
2.714078 
2.714916 
2.715753 
2.716588 
2.717421 
2.718253. 
2.719083 
2.719911 
2.720738 
2.721563 
2.722387 
2.723209 
2.724030. 


4, 

2.088242 
2.689131 
2.690019 
2.690905 


2.691788 2. 


2.692671 


2.693551 


2.094430 
2.695306 


2.690182 
2.09705 5 
2.697928 | 
2.698796 
2.699664 
2.700531 
2.701395 
2.702258 
2.703119 
2.703979 
2.704837 
2.705693 
2.700547 
2.707400 
2.708251 
2.709100 | 
2.709948 
2.710794 
2.711638 
2.712481 
2.713322 
2.714162 
2.715000 
2 715830 
2.716671 
2.717504 
2.718336 
2.719165 
2.719994 
2.720821 
2.721646 
2.722469 
2.723291 


2.724112 


2.097142 


2.698013 
2.698883 
2.699751 
2.700617 
2.701 482 
2.702344 
2.703205 
2.704065 
2.704922 
2.705778 
2.796632 
2.707485 


2.708330 
2.709185 


2.710033 
2.710879 
2.711723 
2.712565 
2.713406 
2.714240 
2.715084 


2.715920 


2.716754 


2.717587 
2.718419 
2.719248 
2.720077 
2.720903 
2.721728 
2.722552 
2.723374 


2.723866 


2.724194 
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A Table of Logarithms, 


ö 
* 


! 


| 
| 
i 


| 


| 


2 
| 


Nam 


$30 


1 
1537 


333 


$37 


53d 
| 532} 


540 
541 
542 
543 


| 544 


7 


545 
540 


547 


548 
1 549 


$39 


*—— — 


| 555 
559 
560 
567 


$51 


| 552 
553 
| 554 


555 


550 | 
2.745855 


$57 


' | 562 


563 


$64 
965 


566 
567 


1568 


509 


—0 
2 724270 
2.725094 
2.725912 
2.720727 


{334 | © 72754 
| 535 
| 530 | 2-7 29105 


| 2.728354 


9 
2.7 30782 
2.731559 
227 
2.733197 
4.734999 
2 73450 
2.735599 
2.736390 
2.737193 
2.737987 
2.738781 
n 
2.740303 
2.741152 
2.741939 
S:/4*/ 53 


| 


| 2.744293 
2.745075 


2.7 4003 4 
2.747412 
2.748188 
2748963 
2.749730 
2.750508 
2.751279 
2,75 2048 
2.752810 
2.753782 


2.758112 


5702.755875 


$71 


2.750030 


212.7067296 


2.7435 10 


2.754248 


4 
2.724358 
2.725170 


2 725993 
7290509 14 . 


da 


2.727023 
2.728435 
2.729246 
2.739055 
2.7 30003 
2.731069 


2.732474 
2.733277 
2.734079 


2.734880 2.73490 
2.735758 


2.735679 
2.736470 


£:737272 1 
2.7 38067 
2 738860 
2 739651 


2 740442 
2.741230 
2.712018 
2 742804 
2.743588 
2.744371 
2.745153 
2745933 
2.740712 


| 2 


Nv Nt NNN 
> Op Y 
ts. 03: 
O 
& 
WD 
C 


4 — — —ů — 


22 ö 


| .7 30136 
2 28 
2 738944 


4 


1 
257 


27.3330 
2.73459 


2.7 305 50 


2 738939 


6 


2.741290 
2.742096 
2.742882 
2.743666 
2.744419 
2.745231 
2.740011 
2.746790 
2.747507 
2 748343 
2.749118 
2.749591 
2.780603 
2.751433 
2.75 2202 
732972 
2.753736 
2.754501 
2.755265 
2.750027 
2.756788 
2 557548 


| 2.7 20972 


2.737352 
2.738 146 


2.739730 
2.740521 


2.732635 


2.742175 


2.752279 


2.754578 


2.756864 


— 
2.724522 


2.725340 


2.726150 


2.727785 | 
2.728597 
2.72 408 
2.730217 


2.731024 
2.731830 | 


2.733438 


REP. 

2.7 24003 
2.72642 
2.720239 
2.727953 
2.727500 
2.728078 
2.72949 
2.730295 
2.731105 


2.732715 
2.733518 


2.734240 |2-734320 
2.735049 j2 735129 
2.735838 {2.735918 
2.730635 2.730715 


3.735431 


2.7 38225 [2.7 38305 


2.7 39018 
2.7398 10 
2.742599 | 
2.741388 


2.742961 
2.743775 
2.744528 
2741309 
2.746089 
2.740868 
2.747045 
2.748421 
2.740105 
2.749908 
2.750740 
2.751510 


2.752847 
2.753813 


77 
2.756103 


2.737511 


2.7 39997 
2.739889 


2.741407 


2.742254 
2743039 
2.743823 
2.7 44606 
2.745387 
2.746167 
2.745945 
2.747722 


2.748408 


2.731911] 


2.740078 


2.749272 
3 
2.750817 
2.751587 
2.752356 
711171 
2.753889 
2.754054 


2.755417] 


2.750180 
2.756940 


2.757700 


2.787624 


from 1 to 10000. 


( 417 ) | 


371 


322 


5 
2.724085 
on! fot * inc. 
2.726320 
x bot of +4 
2.727948 
2.728759 
2.72937 
2.730378 
2.731186 


2.731991 


2.732796 
2.733598 


2 734400 


2.735200 
2.735998 


2.736795 


2.737590 


2.738384 


2.739177 
2.739968 
2.740757 
2.741540 
2.742332 


| 2.743118 


2.743902 
2.744684 


ö 2.745 465 
2.746245 
2.747023 


2.747800 
2.748576 


2.749350 


2.750123 
2.750894 


| 2.751664 


2.752433 
2.753200 


2.753966 
| _—_ 2.754730 


2 


2. 752098 | 
2 756256 

2.757016 
2.757775 


6 


2.725585 
2.726401 
2.727216 
2.728029 
2.728841 
2.729651 
2.730472 
2.731266 
2.732072 


2.732876 


2.734480 
2.71179 
2.736078 
2.730874 
2.737670 
2.7 38463 
2.739256 


2.740836 
2.742411 


2.743950 
2.744702 


2.745513 


2.746323 
2.747101 
2.747878 
2.748653 
2749427 
2.7 50200 
2.750971 
2751741 
2.752109 
*-73 3*77 
2.754042 
2.754807 
2.735579 
2.756332 
2.757092 


2.757851 


2.724707 


2.733679 


2.740047 
2.240915 
2.741024 


2.743196 


2 
2.724849 
2.725667 
2.726483 


2.727297 


2.728110 
2.728922 
2.729732 
2.730540 
2.731347 
2.732152 
2.732950 
2.733759 
2.734500 
2.735359 
2.736157 
2 730954 
2.737749 
2.738543 
2 739335 
2.740126 


2.741703 
2.742489 
2.743275 
2.744058 


2.744540 


2.745021 
2.746401 
2.747179 
2.747955 
2.748731 


2.749504 


2.75277 
2.751046 
2.751818 
2.752586 
2.753353 
756119 
2.754883 
2.755046 
2.756408 
2.757168 
22222 


8 


2 724931 


2.725748 
2.720564 
2.727379 
2.728191 
2799 
2 729813 
2.730621 
2.731428 


2232233 


2.733037 


2.733839 


2.7 34640 
2.735439 
2.736237 


2.737034 


2.737829 
2.738622 


2.739414 


2.740205 


2.740994 


2.741782 
2.742568 


2.743353 


2.744136 
2.744919 
2.745699 
2.740479 


2.747256 |2 


2.748033 
2.748808 


2.749582 
2.750354 
2.751125 
2.751895 


2.752653 


2.753430 
2.754195 
2.754900 
2.755722 
2.750484 
2.757244 


2.758003 


2 
2.725013 
2.725830 
2.726646 
2.727460 
2.728273 
2.729084 
2729893 
2.730702 
2.731508 


222313 
2.733117 


2.733919 
2.734720 
2.735519 


2.736317 
2.737113 
2.737908 
2.738701 


2.7 39493 
2.749284 


2.741073 


2.741860 


2.742647 
2.743431 


2.744215 
2.744997 
2.745777 
2740556 

747334 
2.748110 
2.748885 
2.749959 
2.750431 
2.751202 
2.751972 
2.752740 
2.753506 
2.754272 


2.755036 
2.758799 


2.756500 


2.757320 


| 


| 
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A Table of Logarithms, 


D 


573 25 759155 


5742.7 
955 | 2.739068 


576 | 


9 
578 2 707928 
2.762679 
589 | 2,763428 
581 | 2. .764176 
532 | 2.764023 


579 


590 


* 
. 
393 


394 
595 
59 
597 


398 | 2 770701; 


599 | 2.77 
co 2 578151, 


? 601 
; Goz 


_ 


| 
| 


612 


613 


: 614 45 783168 


62842. 783878 2.788946 


2 I ar a_— ww. * — a —· 


58912 


2. 1 
2.761176 


2 767898 
2.763638 
2.769377 
2.770115 
2.770852 
2.771587, 
2.772322 
2.773055 
2.773786 
22765172 
2.775240 
2.975974 


7427 


- 778874 
2.779590 


2.-80317\2 


2.781037 
2. 781755 


2.782473 


2.783180 

2.783904 
En 
2.75533 
2.785041 
2.786754 
2 787 100 


2. 


2.755230 
2.758988 
2.759743 
2.7 004.98 
E. 701 254 


762003 


2.202754 
2.703503 
| 2.704251 
2.704998 


2.765743 


2.7 66487 


| 2.767230 
2.707972 


2.768712 


2.705451 


2.770189 
2 770926 
2.771561 
2.772395 


2.773128 


2.773860 
£-774590 


775 


2.776047 
2.776774 
2.777499 

2.778224 
7770857 
2 779609 
780389 
2 781 109 
2.781 827 
2782544 
2.783260 
2.783975 


0 12.755401 
2.78 


112 
2.780822 
4 I I: 


. 738239 


2 702829 


ol 
2.758320 
2.759003: 
2. 759819 
2.760573 
2.761326 
2.762078 


2.703578 
2.764326 
2.765072 
2.765818, 

2.7655 02 
2 767304 | 2 

2.7 68040, 
2.768786 

2.769525 
2.770263 
2.770999 
2.7717 34, 
5 

2.773201 
2.773933 


2.774053 


2.775392 
2.776120 
2.776846 
2.777572 
2. 778296 
2.779019 
777 
2. 780461} 
. 781181 
2.78 1899 
2.782616 
2.783332 
2.784046 
2.7 84760 ö 
2.785472] 2 
2.586183] 2 
2.786893] 2. 
2.787602 
2.788310 2 


; 2.78 1971 


3 


3 
— 
1 738302 | 
2.759139 
2.759894 [2 
2.760649 z 
jv pk | 

2.702153 
3 762904 | 
2.763652. 
2. 64400 
2.765147 
ns 0 | 
2.760030 
«707379 
2.768120 |2 
2.768860 


2.709599 
2.770336 
2.771073 
2.771808 
2.772542 
2.773274 
2.77 4006 
2.774730 
2.775465 
2.770193 
2.776919 
2.777644 
2.778368 
2.779091 
2.779813 


2.7 805 33 
2.781253 


2.782688 
2.7 83403 
2.784118 
2.784831 

2.785543 

2. 780254 
. 3 
788381. 


789087 


1289172 

759214 
2.539970 
760724 


2.701477 


2.762228 
2.762978 
2.763727 
2.704475 
2.765221 


2.705900 
2.7667 10 


2.767453 
7081941 


2.708934 
2.769673 
2.770410 
2.771146 
2.771881 
2.772615 


227334 
2.774079 
2.774809 


2.778518 
2.776265 
2.776992 
2.777717 
2.778441 
2.779103 
2.779885 


2.780605 


2.781324 


2.782042| 


2.782759 
2.783475 


2.784189 


2.784902 


2.785615 


2.786325 

2.787035 
2.787744 
2.788451 


12.7891 57 


174 


1 cool 


i 
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from 1 to 10000. 


3 
2.758533 
2.759290 
2.760045 
2.760799 
1 701532 
2.762303 
2.703053 
2. 763802 N 
2.7045 50 
2.765 296 
2.76604 1 
2.76078; 
2.707427 


A 7 2.768208 


587 2.769008 
588 2.769746 
2.770484 
2.771220 


2.771955 
2.772688 


2773421 
2. *774*52) 
2.774882 
6| 2.775610 
2.770338 
2.777064 
2.777789 
500 2.7785 13 
6501 2.779236 


502 2.779957 


603 2.780677 


604 2.781396 


605 
606 
607 


2.782114 
2.782831 
2.784261 
2.784974 
610, 2.785686 
611 2.786396 
612 2.787106 


613 2.787815 


5141 2.788522 
bas: 2.789228 


8 
2.7 5 800 
ee 
SA 2x 
2.761027 |2 
2.702378 
2.763128 
2.763577 
2.764524 
2.705370 
2.706115 
2.766859 
2.767601 
2.768342 
2.769082 
2.704820 
2.770557 
2.771293 
2.772028 
2.772762 
2 773494 
2.774225 
2.774955 
2.775683 
2.776411 
2.77717 
2.777862 
2.778585 
2.779305 
2.7 80029 
2.780749 
2.781468 


2.782186 


2.782902 
2 783618 
2.784332 
2.785045 
2.785757 
2.786467 


2. 787177 


2.787885 
2.788593 
2.789299 | 


7 


2.759441 
2.760196 

2.760959 

761702 
2.762453 
2.763203 
2.763952 
2.704099 


2.765445 
2.760190 | 


2.766933 
2.767675 


2.768416 |2. 


5 5691 56 


769594 


2.770631 
2.771357 
2 772102 
2.772835 
2.773507 
2.774298 
2.775028 


2.775750 


2.770483 
2.777209 
2.777934 
2.778658 
2 779350 
2.78101 
2.30821 
2.761540 
2.78225 0 


2.782974 


2.783689 
2.784403 
2.785116 
2.785828 
2.780538 
2.787248 
2.787956 
2.788663 
2.789369 


1 


2.758085 


— 


8 


2 758701 


2.759517 


2.700272 


2.770705 
2.771445 
2.772175 
2.772908 


2.773040 | 
2.774371 | 


2.775100 
2.775829 


. 770556 


2 777282 


2.778006 


— — 


2.787319 
2.788027 


2.778730 2 


2729 
2.780173 
2.7 80893 


2781612 


2.782329 
2.783046 
2.783701 
2.784475 
2.285187 
2.789899 
2.7 86609 


2.788734 


2.761853 


2.767823 


| 


2 780905 | 


?Kw— ꝑ—— 


22. 


2.7 89440 


2.700347 
2.761101 


£ 762604 
2.703353 
2.764101 
2.764848 


2765594 


2.700338 
2.707082 


2.768564 

2.769303 
2.770042 
2.770778 
2.771514 


2.772248 | 


2. 772981 
2.773713 


2.774444 


2.775173 
228 


2.776629 
27773354 
2 778079 
778802 
2.779524 
2. 785245 


2 781684 | - 


2.782401 


* | — 
2782117 


5 783832 | 


* 784346 | 

2.755259 
2.785670 
2.780 
2.787 300 
2.788098 
2.78380, 


A 


2 


E e 2 


( 420 ) A Table of Logarithms, 
| PORE SHR RL BON SH Rs I PPE DI 
6162.789581 2.759651 | 2.789722 | 2.789792 2.789863 70 
517 1 25 2.799330 [2.790426 2.790496 2-790507, 70 
018 | 2.792988 | 2.791959 | 2-791129| 2.791199 [2 791269 70 
| | 619 $445 6 2.791761 | 2.791831 | 2.791gol 2.791971 70 
| | 620 2.792392 | 2.792402 | 2.792532 | 2.792002 2.79267 2 70 * 
i 621 | 2.793092 | 2.793162 |2.793231 | 2-793301 [2.793371] 70 | 
| 622 2.793790 | 2.793860 |2.793930 | 2-794000 [2.794070] 70 
82.794558 |2-794027 2-794697 |2-794767 70 
N 2.795254 [2.795324 | 2.795393 2.795403 69 
1 625 2.795880 | 2.795949 2.796019 2.796088 2.796158 6g | 

| 790574 | 2.790044 | 2.796713 | 2.796782 2.79652 6g | 

797265 | 2.797337 | 2-797406] 2.797475 |2-797545| 09 
.797960 | 2.798029 | 2 798098 | 2.798167 2.798236 6g 
798051 | 2.798720 | 2.798789 | 2.798858 [2 798927 6g | 
799341 | 2-799499 | 2-799478 | 2-799547 2.799616 69 | 
.800029 | 2.800098 | 2.800166 | 2.800236 [2.800305 | 69 
$00717 | 2.800786 | 2.800854 | 2.800923 [2.800992 | 6g | 
.$01404 | 2 $01472 | 2.801541 | 2.801609 2.801678 69 

2. 802158 2.802226 2.802295 |2.802363| 68 

8027742. 802842 2.802910 | 2. 802979 | 2.803047 | 68 

.803457 | 2.803<25 | 2.803594 | 2.803662 | 2.803730] 68 
804139 2.804208 2.804276 | 2.804344 2.804412 od 
.804821 | 2.804889 | 2.804957 | 2.805025 |2.805093| 68 
.805501 | 2.803569 | 2.805037 | 2.805705 2.805773 68 
806 180 f 2.806248 | 2.806316 | 2.806384 2.80645 1] 68 | 
80685 8 2. 806926 2. 806994 2.807061 2.807 129 68 
1 2 2.8075 35 2.807603 | 2.807670 | 2.807738 [2.807806 68 
1 | 643 2 808211} 2 2.808279 | 2.808346 | 2.868414 |2.808481| 67 
„ 1644 2.308886 | 2.808953 2.809021 | 2.809088 2. 809155 67 | 
334 1 645 2.809560 2 809627 | 2.809694 | 2.809762 | 2.809829 67 | 
| | | 640 | 2.810232 | 2.810300 | 2.810367 | 2.8104.34 | 2.8 10501 67 | 
| | 047 ; 2.810904 | 2 810971 2.811038 | 2.811106|2.811173|]. 67 

| | 048 l 2.811642 | 2.811709 | 2.811776 | 2.811843) 67 
640 2.812245 2.812312 | 2.812378 | 2.812445 [2.8125 Foe 67 

Þa 812913 | 2.812950 2.813047 2.813114 |2. 813180 5 
O51 | 2.813581 | 2.813648 | 2.813714 | 2.813781 2.813848 8 
652 | 2.814248 | 2.914314 | 2.814381 | 2.814447 281451467 
-: 653] 2.814913 | 2.814980 | 2.815046] 2.815113] 2.815179] 66 
4 2.815578 |2.815044 2.8157 10 2.815777 [2.815843 66 
2.816241 2.816308 2.816374 | 2.8 16440 2.816506 66 
2.816924 | 2.816970 | 2.817036] 2.817102 2.817169, 66 | 
2.817505 } 2.617631 | 2.817698 | 2.817704. 2.817830 66 
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2 8226 2.818292 2.818388 2.818424 2. 818400 66 


from 1 to 10000. 
5 6 7 | 


— 


2.789933 
2.790637 
2.791340 
2.792041 
2.792742 
2.793441 
2.794139 
2.794836 


12.795532 


2.796227 
2.796921 
2.797614 
2.798305 
2.798996 
2.799685 
2.800373 
2.801060 


2.801747 


2.802432 


2.803116 
2.803798 


2.804480 
2.805 161 
2.805840 


2.807196 
2.807873 
2.808548 


2.806519 | 


| 


2.790003 
2.790707 
2.791410 
2.792111 
2 792812 


3.793571 
2.794209 
2.794900 
2.795602 
2.790297 
2,796990 
2,797083 
2,798374 
2,799005 
2799754 
2, 800442 
2, 801129 
2,801815 
2, 802 500 
2, 803184 


2803867 
2.804548 


2.805229 
2.805908 
2.806587 
2.807264 


2.807941 
2.808016 


2.809223 
2. 809896 


2.809290 
2.809963 


2.810508 
2.811240 


2.811910 


12.812579 
12.813247 


2.813914 
2.814580 
2.815246 
2.815910 
2.816573 


2.817890 


2.818556 


2.817235. 


2.810636 
2.811307 


2.811977 


2.812646 
2813314 
2.813981 
2.814647 
2.815312 
2.815976 
2.816639 
2,817301 
2.817962 
2.818622 


2.790074 
2.790778 
2.791480 
2.792181 
2.792882 
2.793581 
2.794279 
2.794976 
3.795071 
2.796366 


2:797060 


2.798443 
2.799134 


2.799823 
2.800511 


2.801198 
2.801884 
2.802508 
2.803252 
2.803953 
2.804016 
2.805297 
2.805976 
2.800655 
2.807332 
2.808008 
2. 808683 


2.810031 
2.810703 


2-811374 


2.812044 
2.812713 
2.813381 
2.814048 
2.814714 
2.815378 
2.816042 
2.310705 
2.817307 
2.818028. 


2.797752 


2. 809358 


| 


2.812780 


| 


2.818688 


2.818784 
—— 


2.790144 
2.790848 
2.791550 
2.792252 
2.792952 
2.793651 
2.794349 
2.795045 
2.795741 
2.790430 
2.797129 
2.797821 
2.798512 
2.799203 
2.799892 
2. 8005 80 
2. 801267 
2. 801952 
2.802037 
2.803321 
2.804003 


2.804685 
2.805305 
2.806044 
2.8067 23 
2. 80400 
2.808076 
2. 808751 
2.809425 
2.810098 
2.810770 
2.811441 


2.812111 


2.813447 
2 814114 


2.814780 
2.815445 
2.810109, 
2.816771 

2.817433 
2.818094. 


2.790215 
2.790918 
2.791620 
2.792322 


2.793721 
2.794418 


2.796505 
2.797198 
2.797890 
2.798582 
2.799272 | 
2.799960 
2.80c648 
2.801335 
2.802021 


2.793022| 


2.795115 
2.7958 10 


3 


2. 804071 
2.804753 


2. 803389 


2.805433 
2.806112 


2.806790 
2.807407 
2.808143 
2.808818 


2.810165 
2.810837 
2.811508 


2.812178 


2.814181 


2.814847 
2.815511 


2.816838 


2.817499 
2.818160 


2.818819 


— U—— 


2.809492 | 


2.812846 
2.813514 


2.816175 


1 


. k 


| 
| 
| 


688 
689 


691 


692 
0 


693 
694 
695, 
696 
697 
698 2 
699 


[>| 


Table of Logarithms, 


2 818885 
2.819544 
2. 8 20201 
2.820858 
2.821513 
2.822168 
2.022322 


2 $23474 


2.82420 
2.824776 


2.825420 


2.820075 
2.8257 22 
2.827369 
2.828015 
2.828660 
2.829204 


998225 
2.535589 
2.831230 
2 831870 
2.832509 
2. 555787 
18555 84 
234421 
2. 1 
235091 
185844 
2.836957 
2 837588 
2. 836219 


| 690 2.838840 


2.839478 
2.840106 
2.840733 
2.841359 |2 
2.841985 
2.842609 
2. 84323; 
2.84385 5 
2. 844477 


700 2. 845098 
; } 701 2.84718 


— — 


1 
2.818951 
2 819010 
2 320207 
2.20724 
2.821879 
2.822233 


2.822887 


2.8235 39 
2.82419! 


2.824841 


2.825491 


2.820140 
2.826787 
2.827434 


2.828080 
2.828724 
2.829368 
2.830011 
2.830653 
2.831294 
2.831934 


2.832573 


2.833211 
2.833948 
2.534454 
2.835120 
2.535754 


2.830337 
2. £3-020. 


2.837652 
2.838282 
2.838912 
2.439541 
2 840109 
2 £40796 

2.841422 
2,842047 
2.842072 
2.843295 
2.843918 


| 2-544539 


2 


2.815017 
2 819675 
2.820333 
2. 820959 
2.821644 
2.8222,9 
2.822952 
2.823005 


2.824256 


2.824906 


2.825550 
2.820204 
2.82685 2 
2.827498 
2 828144 
2.828789 
2.829432 
2.830075 
2.830717 


2.831338 | 
2.831995. 
2 832037 


2.893275 


2.833912 


2.334548 
2.835183 
2.835817 
2.530451 
2.837083 


2.837718 


2838345 


2.838975 


2.839004 
2.840232 
2.840859 


| 2.841485 
2.842110 


2.842734 


2.343357 
2 843980 | 2 
2.844601 


2 845160 | 2.845222 | 
2. 845780 2 845842 


| 


3 


4 


2 819083. 2 819149| 5 
2.519741 | 2. 819807 
2.820348 | | 2.820404 
2.821055 | 2.521120 
2.821710 | 2.821775 
2.822304 | 2.822430 


2.823017 | 


2.8230;0 
. 824321 
2823971 
* 825021 
2.820209 
2.826917 
2.827563 


2.828209 


2.828853 


2.829497 


2.830139 
2.830781 


2.831422 
2.832002 


2.8327c0 
2.833338 


2.333975 


2 834611 
2.835246 
2.835881 


2.8305 14 


2.8371 


2.837778 


2.838408 


2.830038 


2.839667 
2.840294 
2.840921 
2.841547 
2.842172 
2.842796 
3 

844042 
2 844663 


2.823083 
2.823735 
2.824380 
2.825036 


2.825050 
2.820334 
2.826981 


2.827028 
. 828273 | 


2.828918 
2.829551 


2.830204 | 


2.830845 
2.831486 


2.832125 
2.832704 


2 833402 
2.834039 


2.34675 
2.835310 


2.835944 
2.835577 
46 | 2.837209 
2.837841 
2.838471 
2.839101 


2.839729 


2.840357 
2.840984 | 


2.841610 


2.842235 
2.842859 


2.8434 ˙2 


2.844104 
2.844726 


2.845284 2845346 


2: . 94 


2 845966 | 


05 from 1 to 10000. ( 423 ) | 
| Nay 5 6 | 5 8 9 if. 
6592.819215 [2819281 2-819346 | 2.879422 -Bry478| 60 | 


6002.819873 [2-$19939 | 2.820004 2.820070 2-8201 36 66 4 
5012 8203 30 2-820595 2.820661 | 2.820727 2. 829792 C 
6022. 821185 2.821251 2.821317 2.821382} 2.821448] 66 
| 663|2.821841 |2 8219c6|2.821972 [2.822037 2.822103 bg 
| 694 | 2.822495 2.822560 | 2.822626 2.822091 2.8227 50 | 63 
6552.823148 [2 823223 2.823279 2.823344 2.823409 
666 8 82380 [2.823805 2.823920 2.823990 2 824002 | bs | 
2.824451 2.824510 824581 |2. 824640282471 65 | 
6682.825101 [2.825166 2.825231 | 2.825296 2 825301 66 ft 
669 }2. 825751 2,8425815 |2-82.830 2.825945 2 8200 65 
670 2.826399 2,826454 | 2.8:6523 |2.826593|2.826638| 65 
6712.827046 827171 2.827175 [2.827240 1 82535 65 
57 2 827692 2827757 2.827821 2.27880 2.827950 65 | 
6732.828338 2,828402 2.828467 2.928531 2. 828 595 64 | 
6742.828982 2 829046 2.829111 | 2.829475 2.829230 64 
6752.829625 2, 829590 2.829754 2.829818 2 82988. | 
70 2.830268 2,8303 32 2.830396 2.830460 2.830524 64 | 
677 | 2.830909 2,8 30973 2.833037 2.831102 2.831160 64 
2.831550 2,831614 2.837678 2.831742 2.831806 | | 
6792.832180 2, 832283 2.832317 |2.932381]2.832445\ 64 
| bBof 2.832828 2.532892 2.83295 2.33019 2.833083 64 ES 
6812.833466 2.833530 2.833593 8577 2.833721 64 
| 6822.834103 2.8341662.8 34230 [2.83429 3 12.834357 „ 
6832.834738 | 2.834802 | 2.834800 2.834929 2.834903 64 | 
684|2-835373 | 2-835437 [2835500 2.83; 564 [2.835527 | 63 | 
685 12.836007 | 2.830071 2.839134 [2 836197 [2.836261 | 63 
| 686 2.836640 | 2.836704 | 2.836767 [2.836830f2.830893| 63 | 
| 687]2.837273 | 2-837336|2 837399 | 2.837452 [2.837525| 03 | 
' 688]2.837904 | 2.837967 | 2.838030 | 2.833093 2. 838156 63 
689 2.838534 | 2.838597 | 2.838660 | 2.838723 2.838786 63 
600 2.839164 2.839227 2. 830280 [2.839352|2. 839415 | 62 |] 
6912.839792 by 2.839855 2.849918 | 2-839981 |2. 840043 | by I 
6922.840420 2.840482 2.840545 2.840508 2.845971 | 
| 693] 2.841046 | 2.841199 2.841172 2.841234 [2.841297 | 63 | 
6942.841672 2.841735 2.841797 2 841860|2.841922| 62 
-1 6g5] 2.842297 | 2.842360 | 2.842422 25 842484 2.842547 62 | 
696 2.842921 | 2.842983 | 2.843046 * 843108 10 84370 62 
6572.843544 | 2.843605 | 2.843659 | 2-843731 12.843793| 62 | 
= 18 698] 2.814166 2844229 2.844291 | 2-844353|2.844415| 62 | 
| 699] 2.844788 | 2,844850| 2.844912 | 2.844974 [2.845035 62 
700] 2.845408 2 835470 2.845532 2-845594 [2.843650| 62 
1 7012.846028 2 8450901 2.849151 2.846213 2. 846275| 62 | 


E e 4 


O 
— 
©0 


G_— 


1725 
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( 424 ) 


— 


— ' —————..ç 


A Table 


of Logarithms, 


Num 2 
702 
703 
704 
705 
700 
707 
708 
709 
| 710 
711 
| 712 
713 
714 
1715 
| 716 
717 
718 
719 
720 


/ 


721 


| 723 
| 724 
| 726 
1727 

728 
729 


731 
732 
| 733 


734 
735 
| 75 
737 
| 739 

740 
741 
742 
743 


2.840337 
2.840955 


2.847573 
2.848189 


2.848805 
2.849419 
2 850033 
2 850646 
2.85 1258 
851870 


2. 85 2480 
2.85 3059 
2.85 3608 
2.854300 
2.854913 
2.855719 
2.850124 
2.856729 
2.857332 
2.857935 

722\ 2.8585 37 
| 2.859138 
2.859739 
2.800338 
2.860937 
2.801534 
2.862131 
2.862727 
2.863323 
2.863917 
2.8645 11 
2.865 104 
2.865696 
2.866287 
6 2.866878 
2.867467 
2.868056 
2.808644 
2.869232 
2.869818 
2.870404. 
2.870989 


| 1 


2.540399 


2 847917 
2847634 
2.848251 
2.8488 66 


2.849481 


2.850095 
2.550707 
2.851319 
2.851931 
2.852541 
2.853150 
2.853759 
2.854307 
2.854474 


2.855550 


2.850185 
2.856789 
2.857 393 
2.857995 


2.858597 


2.85 198 
2.899798 
2.860398 
2.860996 
2.861594 
2.862191 
2.862787 
2.863382 
2.863977 


— 


2.865 163 


2.805755 
2.866346 


2.866937 
2.867526 
2.868115 
2.868703 
2.869290 
2.869877 
2.870462 
2.871047 


2.804570 


2 


2.846401 
2.847079 
2.847696 
2.848312 
2.848928 
2.849542 


2 850156 


2.850709 
2.851381 


2.831992 


2.85 2602 
2 853211 
2.853820 


2.854427 
2.855034 
2.855040 
2.850245 
2.856850 


2.957453 


2.85 056 
2.858657 
2 559258 
2.809855 


2.860458 


2.861056 
2.861654 
2.862251 
2.862847 
2.863442 
2.864036 
2.864630 
2.865 222 
2.865814 
2.866405 
2.866996 
2.807585 
2.868174 
2.868762 


2.869349 


2 899935 
2.8705 21 


2.871106 
2.871631 2 871690 


— — 
2.846523 
2.847141 
2.847758 
2.848374 
2.848989 
2.849004. 
2.850217 
2.850830 
2.851442 


2.852053 


2.852003 
2.853272 


[2.853881 


2.854488 
2.855095 
2.855701 
2.850306 
2.857910 
2.857513 
2.858110 
2.858718 
2.859318 
2.859918 


2.860518 
2 861116 
2.861714 
2. 862310 
2.862906 


2.863501 | 


2.864ag6 
2.864689 
2.865 282 
2.866465 
2.867055 
2.867644 
2.868233 
2.808821 
2.8694.08 


2.869994 
2 870579 
2.871164 


3 
2.840584 
2.847202 
2.847819 
2 848433 
2.849051 
2.849605 
2.850279 
2.850891 
2.851503 
2.852114 
2.852724 
2.853333 
2.853941 
2.854549 
2.855156 
2.855701 
2.856366 | 
2.856970 
2.857574 
2.858176 
2.858778 | 


2.859378 
2.859978 


2.860578 | 6 


2.861176 
2.861773 | 
2.862370 
2.862966 

2.863561 | 
2.864155 
2.804748 


2.865341 | 5 


2.865933 
2.8665 24 
2.867114 
2.867703 
2.868292 
2.868879 
2.869460 
2.870053 
2.870038 
2.871223 
2.871806. 


1.744 2871573. 


2.871748 


from 1 to 10000. 


2 8 425 


5 


2.848497 
72.849726 


2.85 8230 


2.860637 


2.864808 


6| 2.867173 


3 
2.846040 
2.847264 
2.847881 


2.849112 


2.850340 
2.850952 
2.851504 
2.352175 
2.852785 
2.853394 
2.854002 
2.854610 
2.855216 
2.855822 
2.856427 
2.857031 
2.857034 |2 


2.858838 


2.559438 
2,860038 


2.861236 
2.861833 
2.862430 
2 863025 
2.863620 
2.864214 


2. 865 400 


2.865992 
2.860583 


2.867762 
2.868350 
2.868938 
2.869525 
2.870111 
2.870696 
2.871281 | 


2.868997 


: 


6 
2.846708 
2.847320 
2.847943 
2.8485 59 
2.849174 
2.849788 
2.850401 
2.851014 
2,851625 
2.852230 


2.852846 


2.853455 
2.854003 


2.854670 


2.855277 
2.855882 


2.856487 


2.857091 


2.857694 
2. 856296 


2.858898 


2.859498 
2.860098 
2.860697 


2.861295 


| 2.861893 
2.862489 


2.863085 
2.863680 
2.864274 
2.864867 


2.805459 


2.866051 
2 866642 
2.867232 
2.867821 
2.868409 


2.869584 


-2.870170 


2. 870755 
2.871339 
2. 2795S 


7 


2. 846770 


2.847388 
2. 848004 
2.848620 
2.849235 
2.849849 
2.850402 


2.851075 
2.851686 


2.852297 
2.852907 
2.853516 
2,854124 
2.854731 


2.855337 


2.855943 
2.850548 


2 857151 


2.857754 
2.858357 


2.858958 


2.859559 
2.860158 
2.860757 
2.861355 
2 861952 
* 862549 


2.863144 
2.863739 


2.864333 
2.864926 


2 865 5 18 
2.866110 
2.866701 
2.867291 
2.867880 


| 2.868468 


2.86905 6 
2.869642 
2.870228 


2 870813 


2.871398 
2.871981 


| 


8 
2.840832 
2.847449 
2 848066 
2.848082 
2.849296 
2.849911 
2.850524 
2.851136 
2 851747 


2.852358 


2.852908 
2.853576 
2.854184 
2.854792 


2.855398 
2.856003 


2,856608 
2.857212 
2.857815 


2.858417 


2.859018 


2.859019 
2.800218 


2.860817 
2.801415 


2.862012 


2.862608 
2.863204 
2.803798 
2.864392 
z 864985 


2.805578 


2.866169 
2 866760 
2.867350 
2.867939 
2.868527 
2.869114 
2.869701 
2. 870287 
2 870872 
2.871456 


9 | 


2.840893 


2.847511; 
2.848127 
2.848743 
2.849338 
2.849972 
2.850585 
2.851197 
2.851808 
2.85 2419 


2.853029 


2 853637 
2.854245 
2.554852 


2.355459 
2 856004 


2.856668 


2.857272 
2.857875 
2.858477 


2 85907 78) 


2.859079 
2.860278 


2.860877 
2.801475 
2.862072 
2.862668 
2.803263 
2.863858 
2.864452 
2.805045 
2 865637 


2.866228 


2.8668 19 
2.867409 
2.867997 


2.868586| 


2.869173 
2.869760 
2.870345 


2.870930| 


2 871515 


2 872098 


Dit 


52 
52 
62 
62 
61 
62 
61 


1 . 1865 


2.872040 


= 
1 
. ; 
3 
| : 
4. 
. 
. 
* 4 
* 
* 
* 
f 
'F 
$4 
605 
17 
1 
1 


_— _ 2 
—— — 

— 
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— 
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—— 
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747 
748 


733 
It 


755 


756 


757 
758 


766 2872150 
740 2.872739 


2. 87332 
2.873902 


2.874482 
2.875001 
2.875640 
2.876218 
hu 876793 
2.52232 
2.877947 
2.878522 
2.879096 
2.8 79669 


2.880242 


2.880814 


12.881385 


2.881955 
2.882524 
2.88 3093 


2.88 3601 
2.884229 


2.884795 
2.885361 


2.885926 
2.886491 
2.887054 
2.887617 
2.888179 
2.888741 
2.889302 
2.889862 
2.890421 
2.890980 
2297577 


2.892651 
2.893207 


3| 2.893762 


2.894316 
2.894870 


2.892095 


— — 


3 
2.872215 
2.8 72797 


2.873379 


2.873950 


2.37 4549. 


2 873 * 2875179 2.875235 
2.87508 | 2.875755| 2873813 
2 870270 2.876323 | 2.8703G 1 
4070058: 2.876910 

2.877429 2. 877480 
2.875004 | 2.8780: 2 8, 8119 2. „ 

2.878579 2 878637 
2.07915312- $7921 
bog 879784 | 


2.8, 97202 
2.880299 


2.880871 | 2.880928 
1. 881442 2. 881499 
2.882012 2.882069 


2. 832581 
2.883150 
2.883718 
2.834285 
2.884852 
2.385418 
2.885983 
2.886547 
2.887111 
2 887673 
2.838235 
2.888797 
2.889358 
2.889918 


2 890477 
2.891035 
2 891593| 


— — — ä——— — 


2. 873437. 
2. 874018, 


2.874598 


. 8805 ) 


2.882538 
2.883207 


2.85 877544] 2 


— OS —— — —— 


2 . of Logarithms, 


e e 3 4 
2.87 2.872273 2.69 72431] 
2.85 52855 2.87 2913) 


2 273495 | 


2. 874070 
2. 874050f 


2.870408 | 2 


2.878094 
2 879208 
2 879841 
2 880413 
2.838095 5 
i; 581556 
2.882126 
2.882995 2 
2. 883204 


2.883775 
2.884342 
2 884309 
2.835474 
2.886039 
2.880603 


2.887730 
2.888292 
2.88885 3 
2.889414 
2.889974 
2.890533 
2.891091 


2.891049 


8: 892150, 2.892205 
2.892707 | 2.892762 


2. 893252 | 2. 893318 


2.893817 2. 893673 


| 2.294370 


2. 394958 


2.895422 | 2.895478 


2.894427 
2.894980 


Ml. 895975] 2. Are. cub 2.896085 


2.895533 


2.887167 | 


2.884399. 
2.884905 
2.885531 
2.886096 


2. 874134 
wed 4; hd 
7475 


( 2.878; 51 


2.883 3832 2.88 


2. 886650 
2887223 
2.887780 
2.888348 


2888909 
2.889470 
2.890030 
2 590589 
2.891147 
2.891705 


2.892818 


2.893928 
2.894482 
2.895036 
2.895588 


2.889520 


2.557 2 


2.896140 


2.872972 
22e 
2.973553 


2.375871: 


2.876449] 


877020 
877602 


2.879325 


2.379898 


2.880371 
2 881042 
2.881613 
2.892183 
2.882752 
2. 3 
3838 89 


2.884455 
2.885022 
2.885587 
2.880152 
2.886716 
2.887280 
2.887842 
2.888404 
2 888965 


— — — 


n e 
2.872389 


2 800086 


2.890640 
2.891203 


2.891760] 
2.892262] 2 802317 


2.892873 


2.893984 
2.894538 
2 895091 


5 895643 


2 895195) 


503420 


| 


— 6 


= 
— — . —⏑— — — — — —— 


: from 1 to 10000 1 


"OY: RY OR RE . SOS OY OT 
745 | 2.872448 |2.872500| 2 872504 2.872022 | 2.872081 | 
746 | 2.873030 |2.87308d| 2.573146} 2.873204 | 2.873262] ł 58 
| 747 | 2.673611 [2.873669 | 2.873727 | 2 873785 | 2.873843] 58 . 
7482.874192 |2.674250| 2.874306 2.874366 | 2 874424 58 

749 2.874772 |2.874830| 2.874887 | 2.874545 | 2.875003) 58 | 
| 759| 2-873351 [2.875409 | 2.875460] 2-875524 | 2875582) 58 | 
| 


F 4 
— 
= 4 
C 
— 
— 


1 
2| 
— — — — 2 LS 


7512.875929 2.875987 | 2 876044 2.876102 | 2.876160] 58 | 
752 2.870506 |2.876564 | 2.876642 2.876680 2.876737 58 
7532.877083 [2.877141 2.877198] 2 877256 | 2.877314| 58 | 
754 2.877659 [2.877717 | 2 877774 2.877832 2.877889 58 | 
755| 2.378234 |2-875292 | 2.878349 2.878407 2.878404 57 | | 
7562.878809 |2.878856 | 2.878924| 2.378981 | 2 879038] 57 
| 757 | 2 879383 [2.879440 | 2.879497 | 2.879555 | 2.879612] 57 | 
758| 2.879956 [2.880013 2.889070 2.880127 | 2.880185 | 57 
| 759 | 2.882528 [2.880585 | 2.88c642| 2 880639 | 2.880756| 57 | 
1 7602.881099 2.831156 2.881213 2.881270 2.881328 57 
7612.881670 [2.881727 | 2 851784 | 2.881841 | 2.881898 57 | 
| 762 2.882240 2.882297 | 2 882354 | 2.882411 | 2.882468 57 | 
| 763 2.882809 2.882866 2.832923 | 2.882980 | 2.883036] 57 
| 764 | 2.383377 |2.883434 | 2.883491 | 2.883548 | 2.883bo5| 57 | 
+ 705 2.883945 2.884002 2.884059 2.884115 2.88472 . 
766 2.884512 2.884569 2.884625 | 2.584082 2.884739] 57 
767 2.885078 2.885 1352.885191 2.885248 2.885 305 57 
768 | 2.885644 [2.885700 2.885757 | 2.885813 | 2.885870] 57 
769 | 2.886209 | 2.886265 | 2.886321 | 2.886378 | 2.886434] 56 
770 | 2.886773 2.886829 | 2 886885 | 2.886942 | 2.886998 56 | _ 
771 | 2.887336 |2.887392 | 2.887448 | 2.887505 2.887501] 56 | 1 
772 | 2 887898 2.887955 | 2.888011 2.888068 | 2.888123 56 3 
7732.888460 [2.888516 | 2.888573} 2.888629 2.888685 56 
774 | 2.889021 [2.889077 2.889133 2.889190 | 2.889246] 56 | 
I 775 2.889582 2.889638 2.589694.| 2 889750 | 2.889806] 56 
1776 2.890141 2.890197 2 890253| 2.890309 | 2 890365 56 
| 777 | 2.890700 |2.890756 2.8908 12 2.890868 | 2.890924 56 
778 | 2.891259 |2.891314 |2-891370| 2 891426 | 2.891482 56 | 
1 779 | 2.891816 |2.891872 | 2.891927 | 2.891983 | 2.892039] 56 | 
17 4 2.892373 |2.892428 | 2.892484 | 2.892540 | 2.892595 56 
2.852929 |2.892985 | 2.893040 2.893096 | 2.893151] 56 | 
782 | 2.893484 |2.893540 | 2.893595 | 2.893651 | 2.893706 56 | 
| 783| 2.894039 |2-894094 | 2.894150 2.894205 2.894261 55 | 
| 784 | 2.894593 2.894648 2-894704| 2.894759 | 2.894814] 55 
785 | 2.895146 |2.895201 | 2.895257| 2 895312 | 2.B95367] 55 
786 2.895699 [2.895754 | 2.895809 2.895864 | 2.895919] 55 
j 787! 2.896251 — 2.896361 | 2.896416 | 2:896471 5 5 
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A Table of Logarithms, 


cs — — — 


— 3 


Num 8 
788 2.895520 
789 | 2.897077 


790 
791 
792 
793 
794 
795 
796 
2 


798 | 2.902003 


799 
Boo 


801 
802 
803 
804 


805 


806 
807 
808 


809 


810 
811 
812 
813 
814 
815 
816 
817 


: 818 


819 


820 
821 
822 
823 
824 
825 
826 


| B27 | 


828 
829 
020 


. 


2.994715 


2.912222 


2.913284 
2.913814 


2.897627 
2.898176 
2.898725 
2.899273 
2.899820 
2.900367 
2.900913 
2 901458 


2,025 47 
2. 903090 
2.903632 
2.904174 


2.905256 
2.905796 
2.606335 
2.90087 3 
2.907411 
2.907948 
2. 908485 
2. 909021 
2.999556 
2.910090 
2.910624 
2.911158 
2.911690 


2.91 2753 


2.914343] 
2.914872 
2.915400 


2 915927 


2.910454 


2.916980 


I 
2.896581 
2.897132 
2.897682 
2.898231 
2.898780 
2 899328 


2.899875 | 


2.900422 


2.900968 | 


2.901513 
2.902057 


2.902601 | 


2.903144 
2 903687 
2.904228 
2.904770 
2.905310 
2.905850 
2.906389 
2. 906927 
2.997465 
2.908002 


2.908539 
2.909074. 
2.909609 
2.910144 
2.910678 
2.911211 
2.911743 
2.912275 
2.912806 
2.913337 
2 913807 
2.914390 
2 914925 
2-Y153455 


2.915980 


2.916507 
2:917033 


2.917505 | 2.917558 
2.918030} 2.918083 


2.918555 | 2.918607 


2 
2.896636 
2.897187 


2.897737 
2.898286 


2.89883 5 
2 899383 
2.899930 
| 2.900476 
2.901022 
2.901 567 
| 2.902112 
2.902655 
2.903198 
2.903741 
2.904283 
2.904824 
2.905364 
2.905904 
2.900443 
2.906981 
2.907516 
2. 908056 
2.908 592 
2.909128 
2.909663 
2.910197 
2.910731 
2.911264 
2.911797 
2.912328 
2.912859 


q 


3 
2 896091 
2.897242 
2.897792 
2.898 341 
2.898890 
2.8994 37 
2899985 
2.9005 31 
2.901077 
2.901622 
2.902166 
2.902710 
2.903253 
2.903795 
2.904337 
2.904878 
2.905418 
2.905958 
2.906497 
2.907035 
2.907573 


2.908646 
2.909181 
2.909716 
2.910251 
2.910784 
2.911317 
2.911850 
2.912381 
2.912912 


2.913390 | 
2.913920 
2.914449 
2.914977 
2.913395 
2.916033 


2-0 I00I 
2 913973 
2.914502 
2.915030 
2.915558 
2.916085 


2.916559 


2.916612 


2.917085 | 2.947138 
2.917610 2.917663 
2.918135 2-918188 


2.918659 2.918712 


LS 


12.898944 
| 2.899492] 


2.908 109 


2.895747 
2.897297 


2.897847 


2898396 


2. 9000 39 
2. 900586 
2.901131 
2.90 1676 
2.902220 
2.902704 
2.903307 
2.903849 
2.904391 
2.904932 
2.905472 
2.906012 


2.907089 
| 2.90762 


2.908163 
2. 908699 
2.909235 
2.909770 
2.910304 
2.910838 
2.911371 
2.911903 

2.912435 

2.912966 


| 


| 2.914020] 
2.914555 

2.915083 
2.915611 
2.916138 
2.916664 
2.917190 
2.917715 
2.918240 
2.918765 


2. 9065 50 


2.913496 


— — 


2.919078 | 2.919130 | 2.919183 | 2.919236 | 2.919287] _ 


— — — 


from 1 to 10000. 


829 


3 


2.890802 


2.897352 
2.897902 
2.898451 
2.898999 
2.899547 
2. 900094 
2.900040 
2.901186 


2.901731 


2.902275 
2.902818 


2.903361 


2.903903 


2.904445 
2.904986 
2.995526 


52.905065 
2.906604 


2.907142 


| 2.907680 


2.908217 


2.908753 
2.909288 


2.909823 
2.910358 
2.910891 
2.911424 
2.911956 
2.912488 


2.913019 
2.913549 


-1<-914979 

2.914608 
2.915136 
2.915664 


2.916191 


2.916717 
2.917243 
2.917768 


2.918292 
2.918816 


$39 232 


3 
2.890857 
2.897407 


2.897957 
2.898500 


2.899054 


2.899602 


2.900149 
2. 900595 
2. 901240 
2.901785 
2.902329 
2.902873 
2.903416 
2.903958 
2.904499 
2.905040 
2.905 580 


2.900119 
2.906658 


2.907196 
2.907734 


2.908270 
2.908807 
2.909342 
2.909877 
2.910411 
2.910944 
2.911477 
2.912009 
2.912541 
2.913072 
2.91 3602 
2.914131 
2.91 4660 


| 


Ul 


| 


| 


8 
2.896912 
2.897462 
2.898012 
2.898501 
2.899109 
2.899056 
2.900205 
2.908749 
2.901295 
2. 901840 
2.902384 
299 
2.903470 
2.904012 
2.994553 


2.905094 


2.905634 
2.900173 
2.900712 
2.907250 
2.997787 


2.908324 
2.908860 


2.909395 
2.909930 
2.910464 
2.910998 
2.911530 
2.912003 
£.912594 
2.913125 


2.913655 


2.914184 
2.914713 


2.915189; 2.915241 
2.915716 2.915769 


2.916243 


2.916770 


2.917295 


2.917820 


2.918345 
2.918869 


2.19302 


2.916296 
2.916822 
2.917348 
2.917873 


2.918397 


2.918921 
2 919444 


| 


2.890967 


2.897517 
2.898067 


2.898615 
2.899164 
2.899711 
2.900258 
2.900804 
2.901309 
2.901894 
2.902438 
2.902981 
2.903524 
2.904006 
2.904007 
2.905148 
2.905688 


| 2.906227 


2.906766 
2.907 304 
2.907841 
2.908378 


2.908914 | 


2.909449 
2.909984 
2.910518 


| 2.9110G1 


2.911584 
2.912116 
2.912647 
2.913178 
2.913708 
2 914237 
2.914766 
2.915294 
2.915822 
2.916349 
2.916875 
2.917400 
2.917925 
2.918450 
2.918973 


} 


| 


2.901404 
2.901948 
2.902492 
2.903036 


2.903578| 
2.904120 


2.904661 
2.905202 
2.905742 
2.900281 


2.900820 
2.907358 


2.907895 
2.908431 
2.908967 
2.909502 
2.910037 


2.910571 


2.911104 
2.911637 
2.912169 
2.912700 
2.913241 


2.913701| 


2.914290 
2.914819 
2.915347 
2.915874 
2.916401 
2.916927 
2.917453 
2.917978 
2 918502 


2.919026| 
2.010 49 82 


2.919499 


— — 


— —— 
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A Table of Logarithms, 


860 


4 861 


862 


2.923244 
2.923702 


2.924790 
2.925828 


2.927883 


2.931966 
2932474 
2.932981 
2.933487 


2.940018. 


o 

2.919001 
2.920123 
2.920645 
2.921160 
2 921686 
2.922206 


2.922725 


2.924279 
2.925312 


2.920342 
2.920857 
2.927370 


2.928396 
2.928908 
2 929419 
2.929930 
304 
W 
2.931458 


2933993 
2.934498 | 
2.935003 

2.93307 | 
2.930011 | 
2.936514 
2.937016 
2.937518 
2.938019 
2.9385 20 
2 939020 
2.939519 


2.940516 


—— ——— 


2.919053 


2.920175 
2.920097 
2.921218 
2.921738 
2.922258 
2977 
2.923290 
2.923814 
2.924331 
2.924848 


2.925364 


2.925879 
2.929394 
2.922903 
2.927422 


2.927935 | 


2.928447 
2.328959 
2.929470 
2.929081 
2-930491 
2.931000 
2.931509 
2.932017 
2.932524 
2.933931 
2.933538 
2.934044 
2.934549 
2.935954 
2.935558 
2.930001 
2.936564 
2.937090 
2.937508 
2 938009 
2.939570 
3 
2.939509 
2.940058 


2.940500 
863 | 2.941014 | 2.941064 2.941114 


| 2 


2.919705 
2.920228 
2.920749 
2.921270 
2.21790 
2.322310 


2.92232 


2.923348 
2.923805 
2.924353 


2.924899 
2.925415 
2.925931 

2.922445 
2.926959 


2.927473 


2.927989 
2.928498 
2.929010 


2.929521 
2.930032 


2.330541 
2.9310;1 
2.931560 
| 2.932068 
2.932575 
2.933082 
2.933588 
| £-93 $094 
2.934599 
| 2 935104 


| 2.935008 


2.930111 
2.930614 


2.937116 
2.937618 


2.938119 
2.938620 
2.939120 
2.939619 
2.940118 
2.940616 


3 

2.919756 
2.92 2280 
2.92 2801 
2.921322 
2.921842 
2.922302 
2.922881 
2.923399 


2.921424 


2.925407 
2.925982 
A ss 
2.927011 
2.927524 
2.928037 
2.923549 
2.929001 
W 


2.930592 
2.931102 
2 931610 
2.932118 
2.932526 
25933133 
2.933039 
2.934145 
2.034650 
2.935154 


2.935688 
2 030102 | 


— 


2 936664 
2.937167 
2.937068 
2.938169 
2.938670 
2.939170 
2.939669 
2.940168 
2.940666 
2.941163 


| 2.919810 


2.923917 | 


2.924951 


2.930083 


4 71 


2.920332 52 

2.2005 3 
2.921374 
| 2.921594 
2.922414 
2.922933 
2.92345 
2.923909 
2.924485 
2.925002 
2.925518 
2.926034 
2.926548 
2.927002 51 } 
2.927570 | 
2.928083 
2.9286 1 
-en e, 11 
ere 51 
2.930134] 81 


| 2.930043] 51 
2.931153 
| 2.931661 
2932109 51 | 
2.932077 c1 | 
2.523183 51 
2.933590 
2.934195 
2.934700 
2.93520; 


| 


as 


29771 
2.937718 
2.938219 
2.938720 
2.939220 
2.539719 9 
2.940218 50 
2 940716 50 

ö : 


2.941213 50 


——_ 


trom i to 10000, ( 431 J 


j 
TCF JE 


19802 2.919914 | 2.919967 n 2.920071 52 


9 
920384 2. 92-430 | 2.920489 2.920541 2920593 52 
9 


31 
32 
33 2.920906 2.920958 | 2.921010 2.921002 2.921114 52 
34 |2.921420 | 2.92447d | 2 921530 2.921582 2.921634 52 
35 
30 


2.921940 2.921995 | 2 922050 2.922102 „Nane 52 


8 2.922400 2.922548 | 2.922570 2.922622 2.922674 52 
837 2.922985 2.923037 | 2.923088 2.923140 2.923192 52 
77 2.923503 2.923555 | 2.923607 . 923058 2.923710 52 
839 2.924021 ne © 2.924124 2.924475 2.924228 52 | 
84 '2.92453$ | 2.924589 | 2.924941 2.924093 2.924744 52 
841 2.925054 2.923106 | 2.923157 [2.925209 2.925 200 52 | 
842 2.623570 | 2.923021 | 2.925673 [2.925724 | 2.92577 52 | 
2. 92608; | 2.920137 2.926188 2.926239 2.926291 52 
44 2.02000 2.92665 12.926702 2.926754 2. e 1 
2.927114 2.927105 | 2.927210 [2.927208 2.927319; 


; . | 
FIRE. a» — — — Ss — 
2 " pact — — * — 2 — — . _ 0 
- — 


— 2 


PP % * — 2 — 
8 
— = . at . = 
8 2 
8 


_— 


| ' 2.927027 | 2.927078 | 2.927730 [2.927782 2. 927832 51 | 
' B47 2 E 928140 2.923191 | 2.928242 |2.928293| 2.928345! 51 
| 


<1 oo ie” ˙ 22 =_ 
o 


' 2.928652 | 2.928703 | 2.928754 | 2.928805 | 2.928850 51 
2.929103 2.929214 | 2.929206 [2.929317 2.929308; 51 
| 650 2.524674 | 2-929725 | 2.929775 |2.929827| 2.929878 51 
881 2.930185 2.930230 | 2.930287 2.930338 2.930389 10 
852 | 2.930594 | 2.930745 | 2.930799 |2.930847 | 2.930898 51 } 
51 
51 
5 
51 


— . 
* 2 


853 2.931203 2.931254 | 2.931305 2.931356 2.931497 
$54 ' 2.931712 | 2.931763 | 2.931d14 |2.931804 | 2.931915 
955 2.932220 2.932271 | 2.932321 j2.932372 2.932423 
856 '2.932727 | 2.932778 2.932829 2.932879 2.932930 1 

7 2-933234 | 2.933285 2.933335 [2.933380 2.933437 51 
858 2.933740 2.933791 2.93394 2.933892 2.933943 51 
859 2.934246 2.934296 2-934 34” 2.934397 2.934448 51 
860 2.934751 2.934801 2.934852 2.34902 2.934953 50 | 
861 2.935255 2.935306 2.935350 #935400 2.935457 $0 
1 862 2.028759 2.038809 | 2.935500 2 ' 25910 | 2.935460 59 ; 
; 863 2.536252 2.930313 | 2.936363 |2 5% 413 2.930403 59 
; 864 [2.936765 | 2.936815 2.930805 | 2. 36916| 2 936960 50 
| 865 2.637267 2.937317 | 2-937367 2.937418 2.937468 50 
| 866 [2.937769 2.937819 2.937869 |2.937919| 2.937969, 50 
867 2.938269 2-938319 | 2.938370 |2.938420| 2.938470, 50 
868 | 2.938770 | 2.938820 | 2.938370 |2.948920| 2.938y70| 0 
869 2.939270 2.939319 | 2.939309 2.939419 2-939469| 50 
870 |2.939769 | 2.939819 2939868 |2.539918| 2.93998 50 
871 2.940267 2.940317 | 2.940397 | 2.940417 | 2.940467| 50 
872 2. 940765 2.940815 | 2.940865 | 2.940915 | 2.940964 50 
8731 12. bee 2.948313 |2 941302 E 2. * 2.4452 50 


. 8 * 
a _ = . ? 
= 3»: bs — 8 


* ets —— ou har wibe * t - Yor: oa i  oow ac w_ 
O 
1 
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A Table of Logarithms, 


O 


2 941571 
2.942008 
2.942504 
| 2.943000 
2 943494 
2.943989 
880 | 2.944483 
2.944970 
2.945409 
2.945901 
2.940432 
52.940943 
2.947434 
212947924 
2.948413 
2.948902 
2949390 
2.949878 
2.950305 
2 950851 
2.951337 
5 | 2.951823 
2.952 308 


2.953276 


899 2.953760 


2.954242 
2.954725 
2.955688 
2.950108 
2.956649 
2.957128 
2.957607 
2.958086 
2.958564 
2.959041 
2.959518 
2959995 
2.900471 
914 | | 
915 '2 961421 


2.8 2.951895 


2.952792 


2 960946 


1 


2.941 501 
2.942058 
2.942554 
2.943049 
2.943544 
2.944038 


2.945025 
2.945518 
2.946010 


2.940501 


| 2.946992 


2.947483 
2.947973 
2.948462 


2.949439 
2.949926 
2.950413 
2.950900 
2.951386 


2.951872 
2.952356 
2.952841 


2.953808 
2.954291 
2.954773 
2.955255 
2.95 5736 
2.956216 
2.950697 


2. 957170 
2.957655 
2.958012 


2.959089 


2.959506 
2.950042 


2.900994 


2.944532 


2.948951 


2.953325 


2.958134 


2 


2.941611 


2.942107 
2.942604 
3 
2.943593 
2.944088 
2.944581 
£.945074 
2.945507 
2.946059 
2.940550 
2.947041 
2.947532 
2.948021 


2.948511 


2.948999 


2.949488 
2.949975 
2.950402 
2.950949 
2.951435 


2.951920 


2.952405 


| 


2.960518 | 


| 


2.961468 | 2. 
| 2.961943 


2.952889 
2.953373 
2.953850 
2.954339 
2.954821 
2.955303 
2.955784 
2.956264 
2.950745 


2.957224 


2.957703 
2.958181 
2.958659 
2.959137 


es BEI 
2.941000 
2.942157 
2.942653 
2.943148 
2.943643 
2.944137 
2.944631 


2.945124 


2.945016 
2.946108 


2.940000 


2.947090 


2.947581 
2.948070 
2.948560 
2.949048 
2.949530 
2.950024 
2.950511 
2.950997 
2.951483 
2.951969 
2.952453 
2 952938 
2.953421 
2.955905 
2.954387 
2.954869 
2.955351 
2.955832 


2.950792 
2.957272 
2957751 
2.958229 
2.958707 
2.959184 
2.959061 
2.900138 
2.96061 3 
2.961089 
2.961503 


— 


2.956312 


| 


4 


2.941710 


2.942206 
2.942702 
2.943198 
2. 943097 
2.944186 

2.944680 
2.945173 
2.945665 


2. 946157 


2.940049 
2.947139 
2.947030 
2.948119 
2.948608 
2.949097 
2.949585 
2.950073 


2.950560 


2.951046 
2.951532 
2.952017 
2.952502 
2.952986 
2 933470 
2.953953 
2.954435 
2.954918 


2.955399 
2.955880 


2.956360 
2.956840 


2.957320 
2.957799 
2.958277 


2.958755 


2.959232 
2.959709 
2.900185 
2.960661 
2.961136 
2 961611 


| 2 98558 


n — CT . m_ | i i. a a. _— 


Pp" Jo" 


from 1 to 10000. 


ä 


— 
* 
Wa 
Ga 
— | 


8 
2.941760 f. 941809 2.941859 
2.942256 2.942306 2.942355 
2.942752 | 2.942801 2.942851 
2.943247 | 2-943297 | 2 943340 
2.943724 | 2.943791 | 2-943841 
2.944230 | 2.944285 | 2.944335 
2.944729 | 2.944779 | 2.944828 
2.945222 | 2.945272 | 2.945321 
2.945715 29457042 2.945813 
2.940207 | 2 2.946250 2.946305 
2.940098 2. 2.945790 
5 [2.947189 | 2.947238 2.947287 
2.947079 | 2.947728| 2.947777 
|2.948168 | 2.948217 | 2.948260 
| 2-948057 | 2.948706 | 2.948755 
2.949146 | 2.949195 | 2.949244 
2-949634 | 2-949683 | 2.949731 | 
2.950121 | 2.950170} 2.950219 
2.950608 | 2.950657 | 2.950705 
2.951095 | 2.952143 


2.951192 

 |2-951380 | 2.951629] 2 2.921677) 2 
2.952006 | 2.952114 | 2.952163 
2.952550 | 2.952599 2.952047 
2.953034 | 2-953083| 2.953131 
2.953518 | 2.953566| 2.953615 
2.954001 | 2.954049 | 2.954098| 
2.954484 | 2.954532 2.954580 
2.954966 | 2.955014 | 2.955062 
2.955447 2- 1955498 [2 953543 
2.935928 | 2-955976 SS 
2.956409 2-95 457 


2.956 0505 
2.956888 | 2.956936 | 2.950984 
2.957308 | 2.957416|2.957404| 
2.957847 | 2.957894 |2:957942| 
2.958325 | 2.958373|2.958420 
| 2.958803 | 2.958850 


2.958898 
2.959280 | 2.959328 2.959375 
2.959804 


2.959852 
| 2.960281 


2 
O 
Wo 


2.961231 2.961279 
2.961706 2.961753 


2. 960328 2. 
2.9607 56 bo 960804 2. 


2. 962180 2 6622 n 


2.94 1909 
2.942405 
2.942900 
2.943396 
2.943890 


2.944384 | 


2.944877 
2.943370 
2.945862 

2.949354 
2.940845 
2.947339 
2.947825 


2.94831; 


2.948804 
2.949292 
2.949780 
2.950267 
2.959754 
2.951240 


2.951726} 


2.952211 
2.952696 


2.953180 


2.953063 
2.954146 


2.9540 28 


2.955110 
2.955591 
2.956072 
2.956553 
2.957032 


2 957511] 


2.957990 


2.958468 


2.958946 
2.959423 
2.95 9900 


2.956601 
2.95 7080 


2.949341 
2.949829 
2.950316 
2.950803 
2.951289 

2-951774 
2.952259 
2.952744 


2.953228 
2.9537119 


2.954194 


2.954677 | 


2.955158 


2.955040 | 


2.956120 


2.957559 
2.958038 


2.958516| 
2.958994 
2.959471 


2.959947 


6| 2.960423 | 48 
2.960899 | 


62961374 


2.961848 


Ff 


buf 000 ee . 


| 2.962322 47 
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Nam 
917 
1918 
* 
920 
1921 
1922 


927 
| 928 

| 929 
930 
931 
1932 
933 
1934 
935 
030 


957 


2.903315 


O 


2952309 
2.962843 


2.902417 
2.902890 


2.963788 


2 964260 


2.964731 


923 2.965 202 
| 924 2.965672 
1925 ; 2.960142 
92⁰ | 2.96061 1 
2907080 


2.997548 
2.968016 
2.968483 
2.968955 


| 2.969416 


2.969882 
2.970347 
2.970812 
2.971270 
2.97 1740 
2.972203 


939 
940 
| 941 
| 942 
| 943 


945 
| 947 


949 
1 das 


4 938 


| 


| 2 974051 
; 2.974512 
GEE i 944 2.974972 
7 i 2-97 5437 
! 9402.975891 


2.97 2606 
2.973128 
2.97 3590 


2.976350 


948 | 2 976808 


| 2.977200 
2.977724 


2, 978637 
2.979093 
2.979548 

2.980003 


2.978180 


| 2.980458 
4 957 | 2.980912 2 


2.963363 
2.963835 
2.964307 
2.964778 
2.965 249 
2.505719 
2.960189 
2.960658 


2.967127 
2-967595 
2.908002 
2.9685 30 
2.968995 


2.969928 
2.970393 
2 970858 
2.971322 
2 971786 


2-972249 
2.972712 
2 973174 
2.973636 
2.97 4997 
2.974558 
2.975018 
2.975478 


2.970396 
2.976854 


2.977312 
2.977769 
2.978220 
2.978683 


2.979138 


2.969462 


2.975937 


2.979594 


Yor a 


2.962404 
2.902937 

2.903410 
| 2.963882 
2.904354 
2.90482; 
2.965 290 
2.965700 
2.,66236 
2.966705 
2.997173 
2.967642 
2.968109 
2.968576 
2.969043 
2.969509 
2.999975 
2.970440 
2.970904 
2.97 1369 
2.971832 
2.972295 
2.972758 


i 


2.97 3082 


2.974143 
2.974004 
2.975004 


2-975983 
2.970442 


2.977358 
2.977815 
2.978272 
2.978728 


2 973220 


2.975524 


2.976900 


2.979184 
2.979639 
2.980094 


2.9805 49 
2.981003 


2.981456 


A Table of Logarithms, 


NET ON 
2.902511 
2.962985 
2.963457 
2.903929 
2.964401 
2.964572 
2.905343 
2.965813 
2.966283 
2.96675 2 
2.907220 
2.967688 
2.968156 
2.968623 
2.969090 
2.969550 
2.970021 
2.970486 
2.970951 
2.97141 5 | 
2.971879 
2.972342 
2.97 2804 
2.973 266 
2.973728 
2.974159 
2.974950 
2.975110 
2.975570 
2.976029 


2.76437 


2.970946 
2.977403 
2.977801 
2.978317 
2.978774 
2.979230 
2.979085 
2.980140 
2.980504 
2.981048 


4 


2.981501 


4 


2.902559 
2.96,032 
2.903504 
2.993977 
2.904448 
2.964919 
2-905 390 
2.965 d0 
2.906329 
2.966798 


2.907735 
2.968203 


2 968670 
2.969136 
2.969002 
2.970068 
2970513 
2979997 
2.971401 
r e 
2.972388 
2.972851 


2.974235 
2.974696 
2.975156 
2.975616 
2.970075 
2.970533 
2.976991 
2.977446 
2.977909 
2.978363 


2.979275 
2.979730 


2.981093 
2.981547 


2.982000 


2.907 207 


2.973313 
2.973774 


2.978819 


2.980185 
2.980640 


Dif. 
47 
47 
47 
47 


47 
47 


47 
47 


47 
47 


| 45 


47 - 


| 


LEE] 


2 981909 


2.98195 


Re 


from 1 to 10000. (33s )- | 
1 Di. 
917 | 2.962606 | 2.962653 2.962701 2.962748 2.962795 47 
918 | 2.963079 | 2.963126| 2.963174 | 2.903221 | 2.963268| 47 

919 2.903552 2.903599 gone 2.903093 2.963741 47 
| 920 | 2.904024 | 2.904071 | 2.9 4118| 2.994105 | 2.904212| 47 
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 —_— 
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19 
1 
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0 
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921 | 2.964495 | 2.964542 | 2.964590| 2.904637 | 2.904084 | 47 
| 922 | 2.964906 2.965013 2.965060 2.965108 | 2.965 155 47 
| 923 | 2:905437 2.965484. | 2.965531] 2.965578 | 2.965625 | 47 
| 2.965997 |2.965954 | 2.966001 2.966048 | 2.966095 | 47 
2.966376 |2,966423 | 2.966470 2 9665 17 | 2.966564| 47 
926| 2.966845 |2.966892 | 2.9569 39 2.966986 | 2.967033] 47 
| 927 2.967 314 2.967301 2.967408 2.967454 | 2.967501] 47 | 
| 928| 2.967782 2.967829 | 2.967875 | 2.967922 2 967969 47 
929 | 2.968249 |2.968296 | 2,908343| 2.968389 | 2.968436 47 
| 930 | 2.968716 |2.968763 | 2.968810| 2.968856 | 2.968903| 47 
| 931] 2.969183 [2.969229-| 2.969276 | 2.969323 | 2.969369| 47 
| 932| 2.969649 2 969695 2:969742 | 2.969788 | 2.969835| 47 
| 933 | 2-970114 2.970101 | 2.970207 | 2,970254 | 2.970300 47 | 
8342.970579 2.970262 970672| 2.970719 | 2.970765| 47 
| 935 | 2-971044 [2-97 1090 | 2.971137 | 2.971183 2.971229 46 
1 936| 2.971508 [2.971554 2.971600 2.971647 | 2.971693} 46 | 
1937 | 2-97 1971 [2.972018 | 2.972064 2.972110 | 2 9721506 46 
938 | 2.972434 [2.972480 | 2.972527 2.972573 2.972619 46 
39 2-972897 [2.972943 | 2.972989 | 2.973035 | 2.973082] 46 
940 | 2.973359 [2-97 3405 | 2-973451| 2.973497 | 2-973543] 46 | 
9412.973820 |2.973866 | 2.973913 2.973959 | 2.974005| 46 
| 942| 2-974281 [2.974327 2.974373 2.974420 | 2.974466 46 
| 943| 2-974742 |2-974788 | 2-974834 | 2.974880 | 2.974926| 46 
| 944 | 2 975202 [2 975248 |2-975294| 2.975340 | 2.975386 46 
945 | 2-975661 [2:975707 2.975753 2.975799 | 2-975845| 46 
945 2.976121 [2.970166 | 2.976212| 2.976258 2.976304 46 | 
| 947 | 2-976579 2.976625 2.976671 2976717 2.976762 46 
_948 | 2-977037 2.22783 2222129 2.977175 [29272200 46 | 
9492.977495 12-977541 | 2-977586| 2.977632 2.977678 46 | 
950 | 2:977952 2.97998 2.97043 2.978089 | 2.978135} 46 
| 951| 2.978409 2.978454 2.978500 2.978546 | 2.978591 Is 
. 952 | 2.978865 2.978911 | 2.978955] 2.999002 | 2.979047| 46 
1 953 | 2-979321 |2-979366 | 2:979412| 2.979457 | 2:979503| 46 
954 | 2-979776 |2:979821 | 2.979867| 2.979912 | 2.979958 46 
9552.980231 [2.980276 | 2.980323| 2.980367 | 2.980412 45 
9562.980685 2.980730 2:-980776| 2.980821 | 2.980867| 45 
9572.981139 |2.981184 | 2 9812292981275 | 2.981320| 43 
958 2.981592 .ySe0x7 | 2 901903; 2.981788 [F 981773145 I 
| 959' 2.982045 2.982090 2.9821351| 2.982181. 2982226 45 
— F fs ie 
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A Table of Logarithms, 


2 
950 2982271 
2.982723 
2.983175 
2.983626 
2.984077 
2.984527 
2.984977 
2 985426 
2.985875 
2.986324 
2.986772 
2.987219 
2.987666 
2.988113 
2.9885 59 
2.989005 
2.989450 
2.989895 
2.990339 
2.090783 
2.991226 


2.991669 
2.992111 


4 


2.992553 
2.992995 
2.993436 
2.993877 
2.994317 
2.994757 
2.995196 
2.995035 


"992 |2.990512 


2.997822 
6 2.9982 59 
997 2.998695 
998 2.990130 


p 999+ 990505 


2.006074 


I 
2.982310 


2.982769 
2.983220 


2 
2.982302 
2.982814 


2983265 


2.983671 2.983716 
2.984122 2. 984167 


2984572 
2.985022 
2.985471 
2.985920 | 


2.986369 | 


2.980810 
2.987264 


2.987711 
2988157 
2.988603 
2.989049 
2.989494 
2.989939 
2.990383 
2.990827 
2.901 270 


2.991713 
2.992156 
2.992598 
2.993039 
2.993480 
2.993921 


2.994361 


2.994501 
2.995240 
2.995679 
2.990117 
2 990555 
2.990993 
2 997430 
2.997867 


2.998 303 


2.998739 
2.999174 
2. 9999997 


2.984617 


| 2.985067 


2.985516 
2.985965 | 
2.980413 
2.980861 
2 987309 
2.987756 
2.988202 
2.988048 
2.989094 


2.989539 2.989583 


2.989983 
2.990428 
2.990871 


2.991315 |2-991359 
2.991757 | 2.991802 


2.992200 
2.992042 
2.993083 
2.993524 
2.993965 
2.994405 
2.994845 
2.995284 
2.995723 
2.995151 


2.996599 


2.997037 
2.997474 
2.997910 
2.998346 
2.998782 

2 999218 


? 


. . 929052 2. 


| 


Ag 


2.982407 


2. 982859 
2.98 3310 
4. 98570 
2.984212 
2.984652 
2.985112 
2.985561 
2.986010 
2.986458 
2.986900 
2987353 
2.987800 


2.988247 
2.988693 


2.994889 


2.989138 


2.990028 
2.990472 
2.990916 


2.992244 
2.992686 
2.993127 
2.993 568 
2.994009 
2.994440 


2.995328 


| 2.995767 


2.996205 
2.996043 
2.997080 
2.997517 
2 997954 


3 
2.982452 


2.982904 | 


2.983350 
2.983807 
2.984257 
2 984707 
2 985157 
2.985000 
2.986055 
2.986503 


2.980951 
2.987398 
2.987845 
2.988291 
2.988737 
2.989183 
2.989628 
2.990072 
2. 9905 16 
2.990960 
2.991403 
2.991840 
2.992288 
2.992730 
2 9917 
2.993613 
2.994053 
2.994493 
2.994933 
2.995 372 
2.995811 
2.990249 
2 990087 
2.997124 
2.997501 


———__—_— Co 
— 


2.997998 
2.998434 
2.998869 | 


2.999395 
2.999739 


from 1 to 10000. 


Num c 


2.982497 


2.982949 
2.983401 
2.983852 
2.984302 
2.984752 
2.985202 
2.985651 
2.986100 
2.986548 


2.986995 
2.987443 
2.987890 
2.988336 
2.988782 


2.989227 
6162.989672 
2.990117 


2.990561 
2.991004 
2.991448 


2.991890 


2.992333 
2.992774 


1993210 


2.993657 
2.994097 
2.994537 


12.994977 


2.995416 
2.995854 
2.996293 


12.996730 


2.997168 


12.997bog 


2.998041 


62.998477 
12.998913 


2.999348 
2.999783 


V 


2.992543 
2.982994 
2.983440 
2.95 3597 
2 984347 
2.984797 
2 985247 
2.985690 
2.985144 
2.980593 
2,98704c 
2,987487 


ä 


2, 988381 
2, 988826 


2, 989717 
2, 990161 
2, 990605 
2,991049 
2,991492 
2.991934 
22992377 
| 2.992818 
2.993260 
2.993701 
\ 2.994141 
2.994581 
2.995021 
2.995460 
2.995898 
2.906336 
2.996774 
2.997212 
2.997648 
2.99808 5 
2.998956 
2.999392 


|2-999826 


2, 987934 


2,989272 


-» 


/ 
2.982588 
2.983040 
2.983491 
2.983942 
2.984392 
2.984842 
2.985292 
2.985741 
2 986189 
2.986637 
2.987085 
2.987532 
2.987979 
2.988425 
2.988871 
2.989316 
2.989761 
2 990206 
2.990050 


2.991536 
2.991979 


2.992421 
2.992863 


2:993745 
2.994185 
2.994025 
| 2.995004 
2-995504 
2.995942 
2.990380 


2.996818 


2.997692 
2.998128 


2.998564 
2.999435 


2.991093 


2.993304 


2.997258 


2. 999000 


2.999870 


E 
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2983987 
2.984437 
2.984887 
2.985337 
2.985786 
2.980234 
2.986682 


2.987130 
2.987577 
2.988024 
2.988470 
2.988915 
2.989361 


2.990250 
2.990694. 
2.991137 
2.991580 


2.992023 


2.992465 


2.992907 
2.993348 
2.993789 
2.994229 
2.994669 
2.995 108 
2.995547 
2.995986 
2.990424 
2.996862 
2.997299 


2.998608 
2.999043 
2.999478 
2.999913 


2.992736. 
2 998172 


| 


| 


2.982035 2.982678 
2.983085 2.983 130 
2.9835 36 12.9835 81 


2.984482 


2.986279 | 


2.989806] 2.989850 | 


| 
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2.984032 


2.984932 
2.985 382 
2.98 5830 


2.986727 
2.987174 
2.987622 
2.988068 
2.988514 
e 
2.989405 


999 
2.990738 
2.991182 
2.991625 
2.992067 
3 
2.992951 


2.994273 
W 
2.905152 


2.990030 


2.990905 
2.997343 
2.997779 
2.998216 


2.999087 


2.999522 | 
2.999957 | 
55 1 


2.993392 
2.993833 


2.995591 
2.996468 | 


2.998652 | 


'A 


45 
45 
45 
45 
45 
45 
45 
45 


48. 


45 
45 
45 
45 
45 
45 
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A Table of Artificial Sines. 


SaInu]l] 


I 517.63981619.99999617-6 
16 — 7.667849 
7.694179 


— ͤ— B 


— 


1 


Sine 


o o. ooo 10.000006 


I 


j 
x 


| 4'7.00578019-99999977- 


. COOOOO 


5 46372019.999999P2-403720 
26.764 509.9990 .764%56 
36.940847 99999994084 

065780 


o Degree. 


| 


Tangent| 


| 


Secant 


Infinite. 


10,000000| Infinite. 


13.5 3627401 
13-235244 
13.059153“ 
12.934214 


67.241877. 999900 


2 9999999 
| 9'7:41796819-999999 


5 7. 10269609. 999999). 162096 
7.241878 
77.3088249.999 9997.358825 
7.366817 
7-41 7970 


12.837304 
12.758122 
12.691175 
12.633183 
12. 5 8 2030 


[ 0, ooo 


1 0.0000900 


10,000000 12.837 304 
10.000001'12.758123|: 
12.691176 
12.633184 
12.582032 


1 0.000001 
19, 00C0OI1 
1 0.000001 


0.000000, 


O. 000000 


13.530274 
13.235244 
13.059153 
3.934214 


1 1%. 505 118 999998 
127.5429099. 999997 
137.5776689. 99999) 
14 2.50085 39.900900 


10/7.463725/9-999998/7-403727 
117 7.505120 
7.512909 
7.577571 
7.609857 


2.49488 

12.457091 
12.422328 
12.390143 


19,000003 
10.000003 


7.667 8449.999995 
7.694 1739.999995 
7.7 1899709. 9999947 · 
2224278 οοοο 


39820 


19003 


2.242484 


1 2. 360180 
12.332151 
12.305821 
12. 280997 
12.257516 


10.000021 2.49488 3 
12.457093 
12.422332 
10 000004/12.390147| 


eee 12.530275 


7.704754. 9999937 ·7 
7.785943. 999902 
7.806 1409 999991 


7.825451 


7.8 


64761 


7.785951 


06155 


9. 9999907. 825460 


12.235239 
12.214049 
12.193845 


12.174540 
12.156066 


10,000004|12. 300184 
10,000005 12.332156 
10. oooo0 5 12. 305827 
10.000006,12.281003 
10. 0000712. 287522 


10,000007 
10.000008 


10, 000010 
10.000011 


12.235 246 
12.214057 
10.000009]12.19384 5 


12.174549 
12.156066 


7.89508519.999987 
7. 9108790. 999986 


2417-84 293419-999989]7 843944 
25 80 166209. 99998807. 861674 
7.87869 59. 9999887. 878708 
7.895099 
7.910894 
7.9261 199.9999847. 9261341 2.0 3866 
30[7.94084.219-99998 317.9408 58 


12.138326 
12.121292 
12. 104901 
12,089106 


12.059142 


Ius. 


10,000012 
10.00001 2 
10,00001 3 
10. 00014 
10 000016 
10 000017 


12.138338 
12.121305 
12. 104915 
12.089121 
12.073881 
12.0591580300 
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424 
41 
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39 
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Tangents and Secants. 


© Degree. 


( 439) 


31 


Sine 


744440042 
7.955082 
7.968870 
7.982233 
7:995198 


228 


] 


—_ 


| Secant 


a. 


9-999984 
9.999982 
9.999981 
9.999980 
9.999079 


7.9408 5812.059142 
7.955 10012. 04490 
7.968889 12.031117 
7+982253/12.017747 
7.995219/12.004781 


10.000018 
10 OOCOLY 
1 0.002020 


10. 00016 2.059158 


12.044917 
12.031130 


Io. ooo 2 11 2.004802 


12.017707 


[ 


— 


8.007787; 
8.02002: 
8.031915 
8.043501 
8 054781 
8.005770 
8.C70500 
8.080965 
8 09718; 
8.107167 
8.116926 
8.126471 
8 1358 10 
„144953 
3. 15 300. 
8.102051 
8.171280 
8.179713 


8.187985 


8 


54) 200102 


8. 204070 
8.211895 
8 219581 
8.227134 
5.234557 


8.241855 


9.999977 
9.999970 
9.999975 
9999974 


9.99997 28 


8 007809 11.992191 
8 020045 11. 97995 
8.031945 11.968055 
8.043527 11.956473 
054809 11.945 19 


10. oo 3|1 1.992213 
10.000024 11.975979]z 


2 


[0.000025 l I 96808. 23 
10. 00002601 1.95 6499 22 


10. 00002811. 94521927 


y-999971 
9-999969 
9.999968 
9.999966 
9.909964 


8.005806 11.934194 
8.076531 11.92 3469 


10.000029 
10.050031 


8 086997 11.91 3003 10.0000} 


8.097217 11.902783 
8.107202 11.892798 


10 000034 
10.000036 


1 1.892833 


9.999963 
9.999961 
9.999959 
9. 999958 
9.990956 


8.116963 11.883037 
8.1265 10 11.873490 


8.153952 11.846048 


8.135851 11.864149 
8.144996 11.85 5004 o. oo 


10.000037 
| 10.000039 
10,00004 1 


10.00004 4 


9.999954 
9.99995 2 
9.999950 
9.999948 
9.990046 


8.162727 11.837273 
8.171328 11.828672 
8.179763 11.820237 
8.188036 11.81 1964 


1 0.000040 
10.00004 8 
10.000050 
0.00005 2 


8.196156 11.803844 0.000054 


11.934224 
11 923500 


11.913035 
11.902817 


p 1.983074 
11.87 3526 
11.864190 


11.846092 


11.85 8047 


11837319 
11.828720 
ene 
11.812015 
11.803898 


101 


FRET 


2 


9.999944 
9.999942 
9.999940 
9.999938 
9.999936 


8. 204126 11.795874 
8.211953 11.788047 


10.000056 
10.000058 


8.219641 11.78535j10.000060 


8.227195 11.772805 
8.234621 11.765379 
3.241922 11.758078 


9999934 


Sine 


| | Tangent 


— 


10. 00062 
| 10.000064 
10.000066 


11.795930 
11.788105 
11.780419 
11.772866 


11.768443 


11.758145 
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. A Table of Artificial Sines, 1 


1 Degree. 


Sine 


Tangent 


| Secant N 


| 


8.241855 
8.249033 
8.256094 
8.203042 


99999 
99999 
9999 
9999 


8.26988 1.992929 


1 


34 


29 
7 


8.241921 
8.249102 
8.256165 
8. 203115 
8. 269956 


11.758079 
11.750898 
11.743835 
11.736885 


1.30044 


10.000066 
1 0.000068 
10.000071| 
10.00007 3 
[0.000075 


— — 


11.758145 
11.750907 
11.743905 8 
1173695805 
1173011 


8.283243 
8.289773 
8.296207 
8.302540 


9276514999922 
9.9920 
9.999917 
9.999915 
9 999912 


8.270591 
8.283323 
8.289856 
8 296292 
8.302633 


11. 7233 
11,716677 


11.710144 
11.697 367 


11.7037081 


10.000078|1 1.723389]; 5 
10.000080;11.710757 
10. 00082 1.710227 
0.000085 11.703793 
10.000087|11.697454 


8.308794 
8.314954 
8.321027 
8.327016 
1418-332924 
8.338753 
8.344504 
8.350180 
8.355783 
8.361315 


9.999910 


9.9999 


9.999905 
9.999902 
9.999899 


97 


8. 308884 
8.315045 
8.321122ʃʃ 
8.327114 
8.333025 


11.691116 
1184954 
11.672886 


11.666975 


10.000090|11.tg120G|cof 
10.000093!{11.685040] 4; 
10.000095 [11.67 8973 
10.000098/11.672984|47 
10. 00010111 66707646 


9.99989 
9.9998 
9.9998 
9.999888 
9.999885 


94 
91 


8.338856 
8.344610 
8.350289ʃ11 
8.355895 
8.361420 


11.061144 


11.055389 


649710 
11.644105 


11.638570 


. 66124 
10. 000106 11.655 496 
10.00010911.649819 
10 0001121. 644216 
10. 00115 11.638685 


8.366777 
8.372171 
8.377499 
8.382762 
248. 387962 


999988208 
9. 999879 


2-999 


9.999873 
9.999870 


876 


305894 
8.372291 
8.377622 
8.382889 
8.388092 


11.633105 
11.627708 
11.622378 
11.617111 
11.611908 


tO. 000118 11. 633223 
10.000121 11.627829 
10. 000124 11.622501; 
10. 000127 11.617238 
10. 00013011 61203836 


8.293101 
8.398 179 
8.40399 
8.408 161 
8.413068 
8.417919 


9.99986 
9.99986 
9.999861 


4 


8.393234 
8.398315 
-403338 


9. 99985808. 408 zo 
9-999854[3-413213 


9.99985 118.4 18068 


i 1.606766 
11.601685 
11.696662 
11.691696 
11.686787 
11.681932 


10.000! 39 
10.000 142 
[0.000140 


Sine 


| Tangent [ 


10. 000133 1. 606899 z 
10. 0001 36 11.601821 


11.596801 


11.591839 
11.586932 
11.882081 


1 
| Secant 


10 000149 


1 —_—_ 


88 Degrees. 
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Tangents and Secants. 


1 Degree. 


* 


n 


] 


Sine 


| 
Tangent 


Secant 


8. 4179190 
8.422717 

8.4 27462 
8.432156 
8.436800 


999851 
9.999848 
9.999844 
9.99984 115 
9.999838 


8.418068 11.581932 
88.422869 11.577131 
8.427618 11.572382 
432315 11.567685 
8.456962 11. 563038 


8.44139 
8.44594 
8.45044 


9.999834 


409. 
19.999831 


9.999827 


9.441560 11.558440 
8. 44611011. 583890 
8.450613 11.549387 


10.000149 
10.000152 
to. oo0 156 
10.000159 
10. 000 162 


| 


[1.582081 
11.577283 
11.572538 
11.577844 
11.563 200 


10.000166 


[0.000173 


10.000169 


11.55 8000 


11.549560 


11.554059 24 


10.000 177/11. 545 10%0z 
10.000180[11.540699 


10.000184|11.530335 
10. 000188011 532015 
10.000191/11.527737 
10 000195/11.5 23502 
10.000 19901 1.5 19307 
10.000203011.5 15 1529 
10.000207 11.5 11037 
10. ooo: 10ſ1 1. 506950 
10.0002 14/1 1.502922 
to. 00218011 428920 


10. 002221 1.494955 
10. 00022601 1.491026 
10. 00023 1011.487133 
10.000235 1.483274 


5.455070 11.544930 
8 459481 11-540g19 
8.46384911.536151 
8.468172 11.531827 
8.472454 11. 42587 
8.476593 11.523307 
8.480892 17. 519108 

485051 11.514949 

489170 11.5 10830 
8. 493250 11. 506750 
8.497293 11-502707 
8.501298 11.498702 
8.505 267 11.494733 
8. 509200, 11.490800 
8.513098 1. 486902 
8. 516961|11.483039 
8.520790 11.479210 


8.454893 
8 459301 
8.463665 


9-999823 
9.9908 20 


9.9998 16 
8.46798 59.9995 12 
8.472263. 999809 
8 4764989. 999805 
8.480693 0.990801 
3.484848 3-997 9716 
3.48896319.999793|3 
8 49304019.999790 
8.49707819-999786 
3.501080[9.999782 


8.50504519-999778 
8. 50807409. 999774 
8.5 128679. 999769 
8.5 167269. 999765 
8.8 205 1 9-999761 


——— 


—_— 


0.000239 


8.524343 
8.628102 


8 531828 


8.538523 
8.542819 


8.5 39186 


9.999757 
9.999753 
9.999748 
9.999744 
9.999740 


8.524586/11.475414 
8. 328349 11. 471651 
8.5 32080 
8.535779 
5.539447 
8.543084 


11.464221 
11.460553 


11.467920 


10.000243 
10.000247 
10.000252 
10.000256 
10.000260 
10.000265 


11.471898 
11.468172 


11.464477 


11-479449] 
11.475057| 


11.460814 


9:999735 


| Tangent 


11.486916 


11.457181 


| Secant 


Rr 22 


Jsamurgy] 33 


5 


838 Degrees. 
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ö | ( 442 | ) A Table of Artificial Sines. 


— Degrees. 
55 
Tangent | Secant 


Sine | 


8.5428 19.9.9997 358.5430841 1.4509 0/10. 000265 11.457181 
8.54642209. 999731 RA N : 
8.549995[9-9997 27|8-550208[11,449732[10.c00273 11 450005 
8.553539|9-999722[8.553817|11.446183]10.060278 11.446401 
8.557954|9-99971718.557336|11.442664[10.000283 11.442940 
8.5605 409.9997 138.5008 2801 1.439172 10.000287 11.439400; 
8.563999. 99970808. 56429101 1.435709 10. 000292 11. 430001054 
8 56743119-999704[8.567727|11.432273|10.000296 11 432509 
8. 5 708 3009.999699 88.57 1137114288630. 000301 11.429164; 
8.574214. 9996948.57 45 2001 1 42548010. 000306 11 425786 
108.577 5669.999689 8.577877 1422123010. 0003 11114224345 
118.5808929. 99968 58.58 120801 1.418792 10.000315 11.419105 4 
| 1208.584193 9.9996808.5845 1411.415486 une 14158074 
13 8.5 874599.99967 58.587795 1.412205 10. 00325 11.412531 
408 59/2 1.99967 08.59 105 1 1.40894 9,10. 000330 11.492790. 
1508.593948. 9990658. 594283 11.405710. o 35 1. 400052 
| 1608.59 152/9-999660(8.597492|11.402508[10.000340 11 402848 
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17 8.5003 320 99965 518.600677\11.399323]10 000345|11.39906t 
188.6034899. 99965 008.6038391 1. 396161010. 0003501 1.3905 11 
1008.605652 39. 99964 58.606978 1. 393022010. 00035 11.393377 


208.600) 3409. 9996408. 6 100941 1. 38990610. 00036011. 3902004 
421 8.612823 99963 8.613189 11.3868 1110.000365 11.387 177300 
228.615 89 19. 99962908. 1626201 1.383738 010. 00037 111.384 10938 
238.6189379. 9996248.6193 131 1. 38068710. 000376 11.381063[37 
248.62 1962 9:99961918.622343 11.377657 [10.0038 1011.380353 
25/8 6249659.9996 148.625 35 211.3746480. 0003861 1. 375035035 
268.6279489. 999608 8.628 3401 1.37 165010. 000392 11372052034 
1278.630911. 999603 8.63 130801 1.368692 10. 00039711. 36908933 
4288.633854 9.9995976˙6342 560 1.365 74410. 000403 11.366146 1 


298.6367769. 999 5928.637185 1.3628 15.10. 00040811. 36322431 
398.6396809. 999587 8.64009 311.3599010. 0004 1311. 3003200; 0 
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Tangents and Secants. 


— 


2 Degrees. 


. 
Tangent | 


| Secant | 


9.9995 80 


5.999581 


9.999575 
9.999570 
9.999564 


8 040093 
8.642982 
8.045853 
8.648704 
8 651538 


14.3399 
11.357018 


11.354147 
11.351296 
11.348402 


10 000414 


————— 


[1.365320 


10.0004 19 
10.000425 


10,0004 3 
10.0904 36 


$2.35 7437} 
11354572 
11.351726 
11.348898 


4358.65 3911 
3068.656702 


3708.659475 
3808.602230 


38.554968 


9.999558 
9.999553 
9.929547 
93-9995 41 
9-9995 35 


8.054352 
8.057149 
8.059925 
8.662089 


8.065433 


11.345048 
11.342851 
11.340072 
11.33731¹ 
11.334567 


10.000442 
10.0004 4.7 
10.000453 


10,.000459111:33777 


10.000405 


11.340089 
11.343298 


13755 | 


11.335032 


4008.067689 


418.6570393 
N 


8.678405 


458.68 1043 
4608.683665 
4768.686272 
4818.688863 


4988.591438 


9.999529 
9.999524 
9.999518 
9.9995 12 
9299500 
9.999500 
9 999494 
9-999487 
9.999451 


9-999475 


8.668160 
8.070870 
8.673563 
8.676239 
8.078900 


11.331840 
1. 329130 
11.326437 
11.323761 
11.321100 


10.000471 
10.000476 
10.000482 
10.000488 
10. oo0 494 


8.681544 
8.684172 
8 680784 
8.089381 
8.691963 


11.318456 
11.315828 
11.313216 
11.310618 
11.308037 


10. ooo 
10. 0506 
10. oo05 13 
10. oo05 19 
[0.000525 


5018.093998 


5268.699073 
5368.701589 
5468. 04090 


3.690543 


9.999409 
9.999402 
9-999456 
9-999450 
2229444 


8.094529 
8.097081 
8.699617 
8.702139 
8.704646 


11.305471 
11.302919 
11.300383 
11.297861 


11.295354 


11.332311 


11.329607 


11.320920 
11.324249 
11.321595 


11.318957 
11.316335 
11.313728 
11.311137 


11.308502 


10.0005 31 
o. ooo 38 
10.000544 
10.900550 
10.000556 


155]8-706577 
568.709 

57 8.711508 
| 5818.7 13952 


8.716383 


9.999437 
9.999431 
9.999424 
9.999418 
9.999411 


8.797139 

709619 
8.7 12083 
8.714535 
8.716972 


11.306002 
11.303457 
11. 300927 
11.298411 
11.295910 


11.292861 
11.290381 
11.287917 
11.285465 
11.283028 


—_ A WW. 


59 
6018.7 18800 


D 
ä 


2820404 


Sine 


| 


8.719390 


10.000563 
10.000569 
10.000576 
10.000582 
10. ooo 89 


11.293423 


11.290951 
11.288492 


11.286048 
11.283617 


14. 280604 10.000596 


Tangent 


| Secant 


11.281200 
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A Table of Artificial Sines. 


— 9 Degrees. 


718 


8.718800 


735353 
8.7 37608 
8.7 39909 
8.742259 
8.744530 
8.740802 
8.749055 
8.251297 


9.999404 
9.999398 
9.999391 
29.999384 
9:999378 
9.999371 
9.999364 
9.999357 
9.999350 
9.999343 


9.999336 


9.999322 
9.999315 
9.999308 


| 


8.728959 
8.731317 


A | 


Tangent 


| Secant | 


8.7 8 
8.721806 
8.7 24203 
8.726588 


280604 
278194 
275797 


273412 
271041 


10. 00596011 
10.000602 
10.000009 
10.000616 
10.0622 


278796 
276405 
274028 

271603 


11.268683 
11.266337 
11.264004 
11.261683 


1.259374 


733663 
8.738990 
8.738317 
8.740626 


10. 00062911. 
10.000636 
10.000643 
10.000650 
10. 0065 


266973 


88 
264647 


9.999329 


11 
11 
11 


8.742922 
8.745 207 
8.747479 
8.749749 
8.751989 


254793 
252521 
11.250260 
11.248011 


10.000663 11 
10. 00067 111.25 5464 


1125319804 


257078 


LE 
$43 
- a8. 785075 


| 
j 


8.753528 
8.755747 


757955 
8.760151 
8.762337 


9.999294 


9.999301 
9 999280 


9.999279 
19-999272 


11.245773 
11.243547 
11.241332 
11.239128{j1 


11.236935 


8.754427 
8.750453 
8.75 8668 
8.760872 


8.763065 


10. 000678 
10.00008; 


10.000692 


11.250945 
11.248703 
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10.527508 44 
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50.491922 
492308 


9.97 80019. 5 1392 1010. 4800 


9.977959. 5 1434910. 485651 
9.9779 189.5814777 
9. poles 4 


9.977835 


515631 


51520410. 484796 


10.485223 


10.022041 
10.022082 
10.022122 


10.484369 


12 9498444 
4239.498824 
4249.490204 
1259.499584 


1269.499963 
27 


39.495005 
[1419-495 388 


I1519.495772 
1619.4961 54 
* 9.496537 
18 9.4969 19 
1805 497301 


28 


1299.501099 
” 3% 501470 


7 49385 10.977794. 5 10057 


9.4942 369.9777525 6484.10. 4835 16 
12.4946 20 


-97771119.516910 


9.9776699.5 17335 
9.977628. 5 17701 


10.483943 


10. 48 3090 
10.482665 
10.482239 


10.022165 


— —— 


10.022206 


10.02228 
10.022331 
10.022372 


10. 02 199910. 508076 


10. 507692 
10. 507305 


10. 5069 19 
10. 5065 34 


10. 505 380 


10.504995 
10.504612 


10. 506149 
10 e 


9,97758609.5 18185 


9.977461. 5 19458 


9.977419. 5 19882 


10.481815 


99775445 1861010. 48 1390 
9.977503. 519034 


10.480966 
10.4805 42 
10.480118 


10.022414 


10, 22497 


170 497682 
21.498063 


9977335 


9-97737719-520305 


520728 


9977293052115 
9-97725119-521573 
9.97 7209Þ9-521995 


10.479695 
10 479272 
10.478849 
10.478427 
10.478005 


10.022623 
10.022665 
10.022707 


10.022791 


10.022456 


10.0225 39 
10.022 58 1010. 502699041 


10. 502318 


10.022749 10. 501176 


10. 504228045 


10.503403 
10. 503081 


10.501937 
10. 501556 


10. 503840 


10. 500796035 


9:97710719,522417110.477583 
9.97712519.522838|10.477162 


9-50034219-97708319.523259110.476741 
9-50072119.97704119-523679110.476321 
9-976099919 524100[10.475900 
9-97695719-524520110.475480 


10.022833 
10.022875 
10.022917 


10.022959 


10.02 3001 
10.023043 


10. 5004 16 
10. 500037 


10.499658 


1 


us 


| Tangent | | 


: 71 Degrees. 


10,499279 
10.498901 
10.4985 24 


Secant 


„ 


Tangents and Secants. 


18 Degrees. 


— — 


' 


Sine | 


| Tangent 


10.475450 
10.475001 
10.474041 
10.474222 
10.473503 
10.47 3385 
10.472907 
10.472549 
10.472132 
10471715 
10.471298 
10.470881 
10.470465 
10.470050 
10.469634 
10.4692 19 


9.524520 
9574979 
9525359 
9.525778 
9.526197 
9.526615 
7 
9.527471 

5 27868 
9.528285 


9.528702 
9.529119 
9.529535 
9.529950 
9.530366 
9.530781 


9-970957 
9.970914 
9.976872 
9. 9768 30 
9-976787 
9.970745 
9.976702 
9.976650 
9.975617, 
9.976574 


9.970532 
9.876459 
9.970446 

9.970404 
9.976361 
9.976318 


2 847 
9.501854 
9.502231 
319-502607 

9.502984 
9.503300 
9-5937 35 
9504110 
9504485 
9 504860 
9505234 
9.505608 
9.505981 
9-590354 
9.506727 
9.507099 


10. 523043 70.405 24 
10. 02 308610. 498 140 
10.023 128010.497769 
10.023 170010. 

e 
10.023255 10. 496040 
10.023298 1 

o. 0110.4 

4e csg ie 495515 
10. 023426010. 495 140 
10.023408 10.494706 


10.0235 1110.494392 
10.023554 10. 49401918 
10. 023596, 12.493046[17]. 
10.023639 10.493273ʃ16 
10. 02 3082 10.492901 15 | 
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22 
21 
2014 
19 


4900.508585 


699 507471 
9 507843 
9.508214 


9.976275 


9976232 
9.976189 
9.970146 


9.531196 
9.531611 
9.532025 
9.532439 


10.468 804 
10.468389 


10.407975 
10.467561 


10.023725 
10 023768 
10.023811 
10.023854 


12 9 
10.492157 
10.491786 


10.491415 


34.810434 


9.508956 
9.509326 
9 509695 
9.5 10065 


9976103 
9.976060 
9-97 6017 
9.975974 
9.925930 


59.5 10803 
9.511172 


9.975887 
9.975844 
975800 


9-532853 
9.533206 
9-533079 
9-5 34092 


9-534504 


10. 407 147 
10.466734 
10.466321 
10.465908 
10.465496 


10.023897 
10.02 3940 
10.023983 
10.024026 


10.624070 


10.490674 
10.490304 
10.489935 
10.4895 66 


10.491044 


9.5 34916 


9.535328 


10 405084 
10.464672 
10.464261 


10.024113 


10.024156 


10.489197 
10 488828 


10.024 200 10.488450 


951154009 
9-51190719-975757 
9.51227519-975713 
9: 51264219-975670 


9-535739 
9.535150 
9.536561 
9.5 36972 


10.463850 


10.463439 
10. 463028 


10.488093 
10.487725 
10.487358 


10.024243 
10.024287 


10.024330 
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A Table of Artificial Sines. 


3 


I 
2 


Sine 


19 Degrees. 


ſrangent 


9.512042 
9-31 300y 
9-513375 


n A OT |s21nu 


9-513741 
9.514107 


9.975070 
9-97562 
9.975583 


9975539 
9-975490 


9-5 30972 


6'9.537382 


9.537792 
9.538202 


9.538611 


| Secant 


—— en enemas 
| 


10.403028 


10.024330 Wy 


10.462618[10.024374|10. 122 
10. 46220810. 02441710. 48662 55 


10.461798, 10.024401 


10. TI 


10.461389 10.245040. 485893056 


9.514472 


A 514537 


9.975452 
9.975408 
9-975 365 


019-975 321 
9-975277 


9.5 39020 
9.5 39429 
9.539837 
9.540245 
9.540053 


10.400080 
10.460571 
10.460 163 
10.459755 
10.459347 


10.0245 4810. 10.485 52855 
10,924592[10.485163 
10.024035 
10.024079 


10,024723[10.484070 


10.484798 
10.434434 


13 
14 


9.5 16294 
9.5 16657 
9.517020 
9.517382 
9.517745 


9.975233 
9.975 1899.541468 


9.541001 


9-9751i4519-541875 


9.97510119.542281 
9.97505719-542688 


10.458939 
10.4585 3210.024811 


10.024767 [t 0. 483700 


10.483343 


10. 45812510. 02485 510. 48 2980 
10.4577 1910.024899 10.482618 
10. 45731210.024943ʃ10. 482255 


9818107 
9.518408 
9.518829 
9-3 19190 


lack carmes 
27 


9,97 501 300.5 43094 
9. 97496909. 5 43499 


9974925 


543905 


9-97488019.544310 
9-51955119.974830[9-544715|: 


10.456900|10.024987 
10. 48650110. 02503 110.4815324 


10.481893 


10.45 609510, 02507510. 481171 
10. 45569010. .025120|10,48081c 


10.455285 


9.519911 
9.5 20271 
9.5 20631 
9-5 20990 
22821382 
2 
9.5 22066 


9.522423 


3009 
17 


9.522781 
9.523495 


9-97479219-545119 
9.974747 9.518525 
9.974703. 545928 

9.974059 .5 46331 
9.9746 140.5406735 


mou 454881 


10 454476 


10.025 16410. 458044914 1 
10,025 208 
10.025253 


10. 453669 10.025 341010. 479010 


10, 453265 10.025 386010. 478651 


10. 48008940 40 
10. 228 39 
10.454072 10.025 297/10. 479369038 


371 
360 


9.974570, 547138 
9.9745 25547540 


9-97445119-547943 
9-97443019-548345 


9-974391 
9974347 


9 548747 
9-549149 


10.45 2802 10. 025430010. 478293 
10.45 2460 10.025475110.477934 
10. 4205710. 025519110.477577 
10.45 188 ff. 025 56410, 477219 


10.451253 
10. -450851 


10.025609[10.476862 


Sine 


( 


( 


Tangent | 5 


10.025865 3010.476509 


2 


Secant 


70 Degrees. 


1 | Tangent. and Secants. ( 477 ) 


1 19 Degrees. 
Z | 
S| Sine [Tres Secant \ 
& | 
309.5234950. 974347 9-549149|1o. 450851 1002565310. 47650570 


319.5238529. 974302 505 50/0. 45045010. 02569801. 476148 
3219-524208(9-97425719-54995 10. 45004910. 02574301 475792 
339.5245649. 3 9.55035 210. 449648 10. 025788010. 475436 
349.5249209. 974167% 5507 5210.449248 10.0258 3300. 47500 
3519.52527519-97+12219.551 I52110.448848|10.025878110.474725\2; 
| 3009.5 2563009. 0 55155200. 448448 10.025923 10.474370 


379.5 259849.97403 20.55 1952010. 448048 10.025968 10.474016 
3809.5 20339/973987. 55235 1010.447649 10.026013 10.473661 
3919: 52609 319.97 394219.552750110 447250|10.026058|10.473307' 


4009.5 2704009. bi 55314910. 44085 1010. 02610310. 472954 


41.5 274000. 97385 200.55 354810. 44645 210.0261480. 47 2600 
42.527753. 973807. 5 5 394010. 44605 410.026 193010. 472247 
43.5 28 1059. 97376109. 5 5434410. 44565610. 026239 10.471895 
4409. 52845800.9737 169.5 54741010. 445 25910. 02628410. 471542016 


459.5288109. 1 555139ʃ10. 444801010. 0263 29.10.47 1190015 
9 


55 


—_—_ 


46.5 291610 973625.555 5 3010.444464 10.026375 10.4708 39014 
47 9.5295 139.9735809 55593310. 444067 10.0264 20.10. 4704587 
489.5298649 .9735 35.5 563 29.10. 44367 1010.026465 0. 470136012 
149% 530215 9.97 34899. 5 567 25 10.443275 10. 0265 11010. 469785011 


509.5 305659. 9734439.5 57121010. 442879 10.0265 5710. 40943 510 

9.5 309159.9733989.5575 17/10. 442483 10.026502 10. 460085 
9.5312659.97335 29.557912 10.442088 10.026648 10.468735 
539.53 1614.973307. 5 58308010. 44169210. 026693 10.468386 
540. -531963 9. 9732610. 55870210. 441208010. 02673910. 468037 
55˙5323129.97 3215.559097 10. 409 10.026785 10. 407088 
560. 5326519.973 1690.5 59491010. 440509 10.0268 310. 407339 
570.5330099. 973 1240.5 5988510. 44011510. 02687610. 406991 
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589.5333570). 973075 -560279110.439721[10.026922|19 400043 - 
5909.5 3370419. 973032 56067 3010.430327 10.026968 10.4662, 
eo. 53405 219. 972986 .c6 561066 10.438934 10.027014 10. 405948 0 
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125 
26 


28 


29 


Sine 


I '9. 534399 


| 2 9.534745 
39.535092 
42 
15 9.535783 


69.536129 


18 9.536818 
192-8321653 


[10 9.537907 
bas 537851 
1129.538194 
13 9.538538 
114 9-5 38880 
fix'9-52020% 
116 
17 
1189.540249 
119 9.5400 
121 
22 
23 
E. 


9.539223 
9.539565 
9.5 39907 


9:540931 


9.541613 
9.541953 
9.542293 


9 9.534585 


179. 336819 


9-97 2940 
9.972894 
9-972848 
9.972802 


__ [Tangent] 


9.972986 


— — 


| | 


20 Degrees. 


| 


Secant | 


9.561066 
9.591459 
9.501851 
9.562244 
9.562036 


70.435934 
10.438541 
10.438149 
10.437750 
10.437304 


10. 527014 
o. 027060]: 
10.027106 
10.027152 
10.027198 


10.405948 
0. 465001 
[10.455255 
10,404908 
10.464563 


9.972755 


9.972709 9.503419 


9.97 2603 
9-97 2617 


9.972570 


9.563028 


9.563811 
9.564202 
9-504592 


9.972524 
9.972477 
9.972431 
9.972385 
9.972338 
9972291 
9.972245 
9.972198 
9.972151 
9.972105 


9-504983 
9.565373 
9.565763 
9.566153 
95656542 


10.436972 
10.430581 
10.436189 


10.435798. 
10.435408 


10.027245 
10.027291 
10.027335 
10.027383 
10 027430 


10.404217 


10.463871 


10. 463 5 26 
10.463182 
10.402837 


— — — 
* 


| 


10.435017 
10.434627 
10.434237 
10.433847 
10433458 


10.027476 
10.027523 
10.027569 
10.027615 


10.027662 


10.462493 


10.462149 
10.461806 


10. 461120 


9.566932 
9.567321 
9.567709 
9.568098 
9.568486 


10.433068 


10.432679 
10.432291 
10.431902 
10-431514 


10.027709 
847755 
10.027802 
10.027849 
10.027895 


10.400435 
10. 460093 


10.459751 


10.461462. 


10.400777 450 


10. 459410041 


9.972056 


9:54127219.972011 


9-971964 
9.971917 
9971870 


9.568873 
9.569648 
9.570035} 
9-579422 


10.431127 
10.430739 
10.430352 
10.429965 
10.429578 


10.027942 
10.027989 


10.028036 
10. 028083 


10.0281 30 


tay 459009 
10.458728 
10.458387 
10.45 8047 
10.4720 


9.542032 
9.542971 
9.543310 
9.543649 
9.543987 
9.544325 


9-97182% 
9.971770 
9.971729 
9.971682 
9.971035 


9.570809 
9.571195 
9.571581 
9.571967 
9.572352 


i 


4 


9-971588 


Sine 


— — —-—- — 


10.429191 
10.428805 
10.428419 
10.428033 
10.427648 
10.427202 


10.028177 

10, 028224 
10.028271 
10.028318 
10 028365 
ro 028412, 


10.457368 
0.453 7059 
10. 456690 
10. 456351 
10.456013 
10. 455075 
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20 Degrees. 


sine 


* 


Tangent | 


— 


Secant | 


9.544325 
9.544653 
9-54509119-971493 
19-545338[9-971449 
9-54567419-971398 


9.971588 
9971540 


9.572738 
9.573123 
9.573507 
9.573892 
9574276 


10.427202 
10.426877 
10.426493 
10.426108 
10.428724 


10.028412 
10.028460 
10,028507 
10.028554 
10.028602 


10.455675 
10.455337 


10 454999 
10.454066 


2 
10.454326 


9-5 40683 
9-547019 

9.547354] 
— 


359.5400110 .971351 
9.546347 9.971303 
9.971256 
9.971208 
9.971161 


9-574000110.425 340 
9-575044[10.424950 
g- 575427 
9.575810 
2.526193 


10.424573 
10.423807 


10.424190 


10.028049 
10.028697 
10.028744 
10.028792 
10.028839 


15453653“ 
10.453373 
10.485298 1022 
10.45 2646021 


10.45 3989 


9.547689 
9.548024 
9.548358 
3548693 
4400. .5 49027 


9.971113 
9.971065 
9-97101819.577341 
9-97097019-577723 
9-97092219.578104 


9.576576 


10.422277 


10.423424 
9.5 7695 8010.423042 
10.422659 


10.421896 


10.028887 
10.028935 
10.028982 
10.029030 
10.029078 


10.45 2311 
10.45 197 
10.45 1642 


10.45 130% 
10.450973 


9.549300 
619 549693 

9.550020 
9.550359 
4919-550692 
9-551024 
9-551356 
9. 551687 
9.552018 
5419-552349 
9.552680 


YLO = ND Roi en rorrmcnm_ 


18940 


A 


9 970826 


9.97079 
9.970731 
920883 


5. 9708749.578486 
9.578867 
9579248 
9.579629 10.420371 
9.580009 


10.420752 
10.419991 


10.4215 1410.029126 
10.421133 


10.029221 


10.029269 
10.029317 


10.029174 


10.450640 
10. 450307 
10.449974 
10.449641 
10. 440308 


9.970035 
9. 9705599 
9.970538 

9. 970490 
9.97944 2 


9.580389, 
5 8076 
9.581149 
9.58152$110.418472 
9.581907/10.418093 


10.419611 


9 10.419231 


10.418851 


10.029365 
10.029414 
10.029462 
10.0295 10 
10.020558 


9.970394 
9.55 30109. 970345 
719-55334119-970297 
9.553670 
9.5 54000 
5000. 554320 


9.970249 
9.970200 


9-970152 


9.582286 
582665 
9.583043 


10.417335 
10.416957 


583422 10.416578 
583800] 


10.417714 


10.029606 
10.029655 
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10029751 
10.416200\10.029800 
534177 10.415823 


10. 448970 


10.44864 
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19.440990 
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10 446330 
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49. 7699 129. 90) 50009. 562323 


861527 


10. 738750 70. 92042 165230751050 


10. 138473 10. 092 134010. 230608 
10. 138 208 10.0922 20010. 230434 


10. 13794210. 09231 x LI 5 
10.2300 


10. 13767710. 09241 


| 5.9-77008719-907498 
69.77026019.90740 


[3 Er 
1_2 9-77077919-997 1 2919- 


.86258 
.862854 


86311 


10. 1374110. 092502010. 229913 


to. 137 14610. 092 594010. 229740 
10. 13688 710.0926861. 229567 


89.770805 86338510. 13661 510.0927780. 229394 
8635 8010.1 3635010. 09287 1010.229221 
109. 77095 2.907037. 863915010. 1360850 092963010. 229045 
11 122 771125 3 864180010. 135820 10.09 305 5010. 22887549 
129.7712989. 9068 5 29. 86444510. 13555510. 0931 4010. 228702 
13 9.77 14700. 9067609. 8647 11010. 1352890. 09324010. 22853 
5.9667 86497 5010.13 502 510.9333310. 228357 


1255 227¹⁰43 
15 


1895 77181519-900574 
189. 77198719-900 48219.86 05505 


10 772331 


9. 9062969. 86603 
199. 7725039. 9062049. 86630010. 133700 10. 09379610. 22740741 


9.605240 
1219-77215919-906 0309 .86 $77 


10.1 34760/10.09342 10. 228185 
19.134495 


10.0935 18010. 228013 


10. 134230010, 9361110. 227841 
10.133965 10.09 3704.10. 227669 


85 772675 
- 9. 4 9. 906018 


230 77301809. 905925 
239.7731900. 90583200. 357375 
249-77336119-90573919-867023 


g- 


: 


866564 
866829 
867094 


10. 132377 


10 13317 110093982010. 227 153 


10.0940 510. 226982 
10. 09416800. 2265 10 


10. 09426 110. 226639 


10. 13290 


10. e og 3889010. 227325 
10. 132642 


42} 


40 
3 


37, 
3 


26 
27 
289. 774040 


905272 
2288179 


[2519-7735 33/9-995645|9,867887 
9-77 370419-905 5520. 868 152 
9. 773875 9-995459\9.868416 
9-905 366 9.868680 


9 868945 
9.869209 


10,131848'10.094448[10.226296 
10.131584/10.09454 10,226125 
10.131320[10.094634|[10.225954 
10. 13 105510. 094728010. 225783 


10. 1321 1310 era e | 


3 
33 


Sine 


| 


10.130791|10,094821|10,225612 


= — 


Secant 


Tangent | 


53 Degrees. | 


Tangents and Secants. 
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3 t ) 
| 36 Degrees. 

Z | 

H Sine | re. Secant 


zo 
[3 

2 
4 


3 
[34 


774388 


77597919.904504 


9.90517919-869209'1 0.1 30791 10.094821 


9.7745 5899.905085 9-569473 10.1 30527 10.094915 
.77472919.99495219-8697 37 10. 130263 10. og o 
339.7748999. 9048980 · 870001 10. 129999 10.095 102 
; 9.870265 10. 129735 10-09; 196 


10. 225012030 
10. 225442029 
10.225270 


10.225 101027 
10. 224930 20 


38 


9.871057|10.128943,19-095477 


77575919.904429]9-37 132110.12867g 19-095571 
[39]9-77592019-994335|9-87 1585 10-128415 10-095665 


4019. 
4119.77 


019.77609019.904241 
25 


4519-77 093719-90377019-873167 10.126833 
409.777 10060. 90367609. 87 3430 10.1 26570 
47.777 275% · 903 58 10.87 3694 10. 12630610 090419 
4809.777444. 9034879. 87 3957 10.126043 

490. 77761309. 903392 9.874220 10. 125780 


3519-775240|9.904711]9-870529 0.12947 110.95289 
4369.77 541009. 9046179. 870793 10.129207 10.095383 
379.7755809. 904523 


10. 2247t 0025 
10. 22459024 | 
10.224420]23 


10.224080/21 


10. 127 360 10.090041 
10. 127097 10. o96 136 


9.87 1 849 10.1 2815 110.0957 39 
62599. 904 1479.872112 10. 127888 10.095853 
429.7764299. 90405 309.872 376 10. 12762 f 10.095947 
143.7765989, 9039599872040 

(4419-7 7676819.90336419-87 2903 


10.2239 10020 


10223741019 
10.223571]18 


10. 22340217 


10. 22323201 


| 


10.096608 


_ 15019.777781 

15119-777950 
5209.778119 
39.778287 
54.778455 


10.0962 30 
10.056324 


10.0965 1 3 


10.223063|l5] 
10. 222894014 
10.222725|13 
10.2225 50012 


10. 22238711 


9.903298 9.874484 10.125 5 16 10.090702 
9.903203. 8747 47 10.125253 10. 09679) 
9.903 1089.875010 10.124990 
9.903014 9.875273 10. 1247270. ogg 
9. 902910 9.875 5 36 10. 124464 10.000081 


10. 96892 


J55 9.778023 
5659.778792 

57.778950 

5809.779128 9.9025 39,9-8 6 
59.779295 9.902444·875851 10.123149 10. 09755 


6500.779462 9.9002 3409.877114 10. 12286 10.09765 1 


| Sine 
3 | 


10, 222219 104 


10.222050 
10.221881 
10.221713 
10 221545 


— 


9.902824 9.875 800 10.124200 10.097 170 


99027299. 876063 10. 123937 10.097271 
9.902634 9.876326 10. 123674 10.097 306 


76589 10.123411 10. 097 461 


10.221377 
10.221208 
10.221040 
10.220872 
10. 22021 


1022s 


=m N waz. ww ow G©Ovo 


[Tug 


soꝛnuipyx. 
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1 Table of Artificial Sines. 


37 E e 


tomuirN 


Tangent 


oy 


| Secant 


EI 


WH = 0 


— — — — 


ks 


9902349 
9.9021 58 


650. go 2003 


9.901967 


9902253, 


9.877114 
9-877377 
9.877040 
9-877903 
9.878165 


10.122623 
10.122360 
10.122097 


10.12288610. 097051 


10.121835 


10.097747 
10,097 842 


10.097937 
10.098033 


10, 2205 37 
10.220369 
10. 220202 
10. 220035 
10.219807 


9.780300 
6 9.780467 


79 780034 


8 9.780801 
| 9 9.780908 


9-901872 
9.901 776 
9.901681 
9.901585 
9.901489 


9.878428 
9.878691 
9-878953 
9.879216 
8.879478 


10. 121309 


10. 12157210. 98128 


10.219700 


10.098224 


10. 121047 
10. 120784 


1 109. 781134 


19.781301 
129. 781467 
13 9.781634 


| 14 9. 781800 


9-901 394 
9.901298 
901 202 
9.901106 
9.901010 


9.879741 
9.880003 


9.880265 
9.880528 
9.880790 


| 159. 781966 


16 9.782132 


117 9.782298 
18 9.782464 


199. 782630 
20 9.782794 


2 19.76296 


220. 783127 
239. 783292 


25 9.783623 
0 783788 
289˙783972 
89. 784118 


249.7834570 


295 784232 


9. 900914 


9.900818 


9.900722 
9.900626 


3-9C04 33 
9.900337 
9.900210 
9-900144 
g.900047 


9.899951 
9.89985 4 


9.899467 


9-899757 
9. 899660 
9.899564 


9.88 1052 
9.881314 
9.881576 
9.881839 


9-9005 2919- .882101 


9.882303 
9.88202 
9.882887 
9.883148 
. 88340 
9,883072 
9-333934 
9.384190 
9.854457 5 
9884719 


10. 120259 


10.119997 
10.119735 
10.119472 


10.098319 


10.219533 
10. 219366 


10.0984 1510. 21919952 
10. 1205 2210. 098 5 11010. 2190320 


10.098606 
10.098702 
10.098798 
10.098894 


10. 119210 


1.98995 


10. 218699 
10.218533 
10. 218366 
10. 2 18200 


10. 21886650 


— 


10.118948 
10. 118686 
10.118424 
10.118161 


10.117637 


5110.117375 


10.117113 
10. 116852 
10. 116590 


10. 116328 
10. 116066 


o +115543, 
10,115281; 


10. 115020 


10.117899 


10. 115804 


10.099086 
10.0991 82 
10, 99278 
e 


10. 99867 
10. 099503 
10.099760 
10.0998 56 
10.099953 
10. 100049 
10. 100146 
10. 100243 
10. 100340 
10. 100436 
10. 1005 33 


19.099471| 


10.218034 
10,217868 
10.217702 
10.217530 
10.217370 
10.217204 
10.217039 
10.216873 
10. 216708 
10.216543 


10.216212 
10, 216047 
10.215882 


1329 784447 


4 


Sine 


9.884980 


Li 


Tangent 


Secant 


10.216377 


10.215718 
2 1 


2 
V3 


52 Degrees. 8 


| Tangents and Secants. 
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37 Degrees. 5 | | 1 


Sine Tangent 


EXT | 


Secant 


30 3-78444719.89940719.854980 10.11 5020{10.10053_ 5.21555 4130 30 

3109.784012). 8993 2009.88 5 24210. 114758010. 1000300. 21587 

329.7847 pag 9.885 50310. 1144970 0072710. 215224028 
9 


33 9.784941 .8991709,885765 10.114235 0.100824 10.215035 27 | 
3419-785 10519.899078]g 3886026] 10.113g74j10-100922110-2148951]2t | 
3519-735 89898 109. 880288|10.113712{l0.foiorg|ico.zlg731)25 1 
309.785 43309. 8988849 8865 4910. 11345 110. 101110010. 21456724 1 
5299. 735 59709.8987870. backe te eee 10. 21440 23 
3509.785761. 8986899. 887072010. 112928010. 1013 110̃. 214239/22 

1299 785925. 898 5920 887333010. 11200010. 1014010. 21407 el 


1409.780085 9-89849419-887 594 10, 11240010. 1015010. 213911 20 
1419.786625 219.898 3979.8876 5510. 1121450. 10160300 2137400 
129.7864 169.898 299}9.8881 1010. 111884 10.101701 10.213584 18 
1309. 78657909.89820209.888 37710. 111623 10. 10179801021 3421017 
44\3.-786742]9.89810419.888635110. 111361 [0.1@1596]10-21325: 116} 
145 9.785900. 8980009. 88890010. Tf 1001. 09.2 1309415 
409.7870699. 89790809 88916010. 10084010. 102092010. 2129314 
470 7872320 ).8978 109. 889421010. 1005 790. 10219010. 2127013 
4809.787395. 8977 1200.889682 10. 1003 18f10. 102288010. 2 1260124 
4919-787557| 9.897614. 88904310. 18057010. 102386010. 212442] 


309.7877 2009. 8975 100%. 890 z04 10. 1097001. 10240410. 212280010 
519.7878839. 89741809. 89046510. 10953510. 102582010.212117 
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9 

529.7880459. 89732000. 89072510. 1092750. 102680010. 2 195 5] 8 

5 39.788 009.8972229. 89098610. 10900140. 1027780. 2117927 

54.288370 9.807 1230.89 124701. 1087870. 10287710. 2110 

5519-7885 320.8970259. 89 150%. 108493010. 1029750. 211408 5 
50 5.788894 8969269.89 1768 10. 10823200. 1030740. 21130. 

5 79.7888 50.8968 2809.892028 10. 1079720. 10317210. 211144 if 

5 819. 2 89672909. n 10. 1032710. 210982 2 

89180 10. 10745 1010. 103369010. 2 108201 

810.0. 107 10010. 103468010. 2106510 0 
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4209.789505 


Ts 519-7 901449 


| 9 9:790793 
10 9.790954 
19.791711; 
112 9.791275 

13 9.791430 
_ [14 9-791599] 
159791757 
16/9.791917 
I7,9-792077 
18 9.792237 
| — 9.222307 
20 9.7 7925579 
219792716 
| 22 9.792870 
239 793935 
2419: 793195 
3 793354 


"09: 789442 
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6 9.799310} 
7 9.79047 
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—— 
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9.890433 
9 896335 
9.896230 
9.890137] 
9.890038 
9895939 
9 895840 
95895741 
9.895041 


3 8 Degre ES: 


Tangent 


9.8928 10 
9.893070 
9.893331 
9.89359 
289385 
9 894111 
3.894371 
9894632 
5.894892 
9.895152 
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10.107199 
10. 100930 
10. 100609 
10. 106409 
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10. 105 889010. 103902 10.229851 
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10. 105 629 
10. 105 308 
10.105 108 
1010484 


10. 103803 


10. 103468 


10.103507 


10. 103965 
10. 1 7 


10. 21005 8 
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10. 210235 
10.210173 
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10. 104061 


10. 104160 


10.104259 
10 104359 
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10. 209090 
10. 2095 29 
10. 2093068 
10. 209207 


9793513 
9.793073 
9.793832 


9.895542 
9.895443 
9895343 
9.89524 
9805144 


9.895412 


9. 896192; 


9.895572 
9.895932 


9.89645 210. 103848 


10. 104588 
10.104328 
10. 104062 
10.103808 


9.895045 
9.894945 
9 894846 
9.894740 
9:894646, 
9.894546 
9.894440 
9.894340 
9.894246 
9 894146 


9.89997 1 
9.897231 
9 897491 


9957 12 


9.59775 
9.898010 
9 898270 
9.8985 30 
9.898789 
9.899049 


10, 124458 


10. 104557 
10. 104657 


lO, 104756 


10. 209040 
10. 208885 
10.208725 


10. 208 564 
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54 
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45 
47 


10.103280 
10.103029 
10.102769 
10. 102509 
10. 102240 


10. 104955 
10.105055 


10.208 243 
10. 208083 


10. 9 — 16.8 


45 


10. 101996 
0.101730 
10.101478 
10.101211 
10 100951 


9.793991 


9.89404 | 
9.89394 
9.893846 
9.893745 
3.893045 
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9.90095: 
3-900 34 


| 


9-893544 
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— — — 


9.899308 
5.899827 
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10. 206965 


10.207284 
10.207124 


10. 20680; 


10. 100692 
10. 10043; 
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10.099914 


10.099395 


10 106255 
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10. 106456 


10. 206640 
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10.206168 
10.20b00g 
10.20c 55013 


Secant 
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10. 105154; 10.207923(43 
10.105 254 10. 207703 


19.105 35410. 207603 
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10. 105554 
0. 105654 


10.105754 
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10. 100054 
10. 106154 
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9794150 


9.79430 


9.7944 
3-7 9402 
9.79478 


3-39;544 


3.893142 


900864 10.0991 36 
9.901124 10.09887t 
9.901 383 10.098017 
9 901042 10.098358 


9728575 


9.790049 
9.796200 
9.296364 
9.790521 


9.796079 


9 796836 
9.796993 
9. 7971 15009 


9.795733[3-8925 30 
979589 9.892435 


9.794942 9892040 
9.795 100. 892940 
9.795259 9.892839 
9.79511;19.892738 


.892037 


99000605 10.099395 
8934449 


79.893343 
tt 


10. 10045 | 
10. 106550 
0. 100057 
10. 106757 
10. 106858 


10. zaogð oqʒ 
10. 205692 
10. 205 53; 


10. 20521 


9.901901 10.098099 
9 902 160 10.097840 
9.902419 10.097581 
9.902679 10.097321 
9 902438 10.097062 


10. 100959 
10.107060 
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10. 107262 
10. 107363 


10. 205058 


10. 204899 
10.204741 
16. 2045 83 
10. 204425 


9.892334 
9.892233 
9.892132 


| 


9.903 197 10,096803 


9 903455 10. 990545] 


9.903714 10.09628 
9.903973 10,096027 
9.994232 10.095768 


10. 107464 
10. 107565 
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10.107767 
10. 107868 


20 
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10 204109 


10. 20395 1018 
10.203794 17 | 
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9.891929 


9.891726 
9.891624 


9.891827. 


9.904491 10.095509 
9.904750 10. oe tbe 

905008 10.094992 
9.905 267 10. 094733 
9.905526 10.094474 


10. 7970 
10. 108071 
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10. 2028 50 


10. 203636 16 : 
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13 
12 
1] 
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9.891421 
9.891319 
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10. 108579 
10. 108681 
10.108783 
10. 10888 5 
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10. 2025 36 


10. 202066 


10 


9 


10. 202379 8 
10. 2022230 7 
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9.798091 
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9.798560 
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9.891013 
9.890911 
9. 890809 
9.890707 
9. 89060 59 


9.907077 fo. 92923 
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9.907594 10.092406 
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9 998369 10. = 
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5 
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1 
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0 9-7 9887 2/9-590503 
1 97998 9.89040 

9.890298 
| 3 9-799339 7890195 


E 9.799495(\9-53©093 


| 59-7995 119-889ygc 
| $:9-799800j9 889888 


[ 7 9.799952 889785 


8.9.800117%. 889582 


 [r0,9.800427/9-88947t 


119.8005 8209.889374 


112 9.8007 3709.889271 


139.8008929. 889107 


| 114 9 801047 9.889004 
[15 9 821201[9-888g61 
16 9 801356 9.888858 
1179.801519 888755 
| 18:9.80166; 9.88865 100 913014 
19.9.8018 99.8885 48 
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Tangent 


9.9080 z, 
. 908880 
„909144 
3-929402 


990991 

9.910177 
910435 
39106593 
9910951 
9.911209 
9.911467 
9911724 
9.911982 
9.912240 
9.912498 
9-912756 


v 10. ogo 3c 


9.913271 


. 908 369 


9 


39 Degrees. 


| 


| How | 


10.0103 
10.091373 
10.091114 
10.09085! 
10.905 9d 


10. 10949710. 201128 
10. io OO. 20097 2 
10. 10970210. 200816 
t0-10y805|10, 200661 
10. 1099 109, 200505 


1 0.090082 
10.03982, 
10.089565 
10.08930; 


10.110010/10.200349 
10. 11011210. 200194 
10. 11421510. 200038 
eiten 
10 11042110. 199728 


10. 08904 

10.088791 
10.088533 
10.088276 
10.083018 


10. 11052410. 199573 
10. 110526 10. 199418 


10.1 10729110. 199263 
10. 110533010. 199 108 
10. 110936 10. 198953 


10.087760 
10.087502 
10.087244 
10.080980 
10.085729 


10.11 1039 10.198799 


10. 11114210. 198644. 
10. 111245/1. 188489 


10. 111349.10. 19833 5 
10. 11145210. 198181 


20'9.80157 319-888444 


21 9.80212819.888341 


229 $022829.888237 


23.9 8024 3519-5851 33 
24 9 80258909 888030 


25 9-8027439-887920 


27. 8030509. 887718 
28 9.503204. 857614 


20% 80335 7.887510 


30:9:803 c10ſy.887400 


() 91 1817 
426 6. 8028979887822 


9 913787 


913529 
9.914044 


9.914302 


Sine 


| 


9.914569 


10,080471 
10.086213 
10.085950 
10.085698 
10 085440 


10. 11155610. 19802 
10. 111859ʃ10. 197872 
10. 11176310. 197718 
10. 11186710. 197565 
10. 111970010. 197411 


915075 


9-91 $35 2 


3452 bo 


J 
1-Q15847 
J 


916104 


10.085183 
10.084925 
10.084668 
10.084410 
10.084153 
10. o8 3896 


ö 


10. 11207410. 197257 
10. 112178010. 197103 
10. 11228210. 196950 
10 112386010. 196796 
10 11249000. 196643 


— 
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45] 
44 


— 


10. 11259410. 196490 


| Tangent 


50 Degrees. 


Tangents and 


Secants. 


——_— 


39 Degrees. 


Tangent 


= 


Secant | 


- 


219.805 34319- 
9-805 495 
288947 


9.80505 
9. 806 1039. 
9.80625 40. 
9. 80640609. 


9.8035 10 9.887480 
19. 8035649. 587 302 
9.8038 179. 887198 
9.803970 9.887093 9.910870 
34|9-804123}9-886989 91714 


9.910104 
9.916362 


9.885942 


916013 


10.087890 
10.083638 
10.08 338 
10. o83 123 
10.082805 t 


10.11 2594 10.1909 


10.112598 10.196330 


10.112802 10.166183 


10.11 2507 10. 190030 


10. 11301110. 105877 


10.05d2G6cy 
10.082352 
10.052095 
10.081837 
10.C81580 


11113115 10.1957 24 
10.113220 10,195572 


10. 13324 10. 195419123 


10.113429 10.195 260 
10.113534 10.195114 


22 
21 


9.919191 
9.919440 
9.519705 


10.081323 
10.081066| 


10.08080g 
10.0805 52 


1©:.0802g5; 


10.113038 10.1y4902 
10.1 13743 10. 194800 


10.113848 10.194657 


10 113953 10.194505 
10. 114258 10.194353 


9.885837 


9.919902 


9.920219 
9.920470 


9920733 
920990 


10. o8 S 
IO 079781 


10.0795 24 


10.079267 
10.07901C 


10.114103 10.194201 


10. 114268 10. 194049 


10.114373 10.193897 


10.114479 10.193740 
10.114584 10.193594 


19-8005 57%. 


9.807015 
9.807706 
9.807917 
9.808067 


9.807011}9.884994 
9. 807 1639.884859 
9.884783 
9.884677 
9.884572 
9.884466 
9.884 360 


n 
3.921502 
9.21760 
9.922017 
9.9222”: 


10.078753 
10.078497 
10.078 240 


10.077983 
10.007772“ 


10.114679 10.193443 
10.114795'10.193291 
10.114900 10.19314c 


10. 115606 10. 192989 


10.115111 10.192837 


20 


1134 


— 3 


. 


2.8. 


— 


4 


= W_ 


9.922530 
9.922787 


9-92 3044 
9.923300 
923557 


10.07747C 
10.077213 
10.07095+ 


10.076C70c 


10.070443 
10.076187 


10. 115217 10.1920%5 


10. 115323 10.1925 35 
10.115428 10.192385 
10.115534 10.192233 
10.115640 10. 10208; 


9884254 


2923713 


| 


Sine 


— 
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10 115746 


-4þ 


10.19193? 


Secant 
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{518 ) 


A Table of Artificial Sines, 


40 Degrees. 


o | ont | 


Sine 


g-58050b8| 4.054254 
9.808218 884148 
9 808 56809 884042 
9 8085 19.883936 
9. 808069. 58 38 29 


| 


Tan gent 


Secant 


9.9238 1310.070180. 11574. 
9. 924070010. 0759301. 115852 
9.924327 10.0750 310. 115958 
9.924583 10.075470. 1160t4 
9. 924840010. 075 160010 116171 


10.151532000 
10 1917825 
10. 191632058 
10. 191481057 
10 191331050 


98088 19 883723 
9 80896G19.382617/9 925352010 07464810. 11638 
980751100 353510 

8092699.88 3404 
9.80.,41919-88229; 


4.9250961[10.074y04[10.116277 


9.-925609110.074391|10.116490 


9 925865110.074135|10.116596 


9. 020121010. 3879.10. 116703 


10.191181 55 
10. 191031654 
10 190881053 
10190731052 
10. 100581051 


— | 
c 


— 
4 


_ 
QO I 


899509883191 
9 8097 1809.88 3089 
. 8098689.882977 
9.810017]9.882871 
9.8 101670 882764 


9 92037801 0.07 306220. 110809 
9 9266340. 0733660. 116910 
3.92689010. 073 110010. 117023 
9.927147/10.0728 5310.117129 
9. 927403010. 0728970. 117236 


9.8 1031009 882657 
9.8 104650. 882550 
9.8 0614/9.88244 2 
9 810703[9.882330 
9.81091219.882228 


10. 190431050 
10. 190282049 
10190132048 
10.189987 
10.18983 3140 


9.927054110.072341|10.1 17343 


9.928171110.07182ghto.117557 
9.928427 10.071573 10.1 17664 
9 928683 10.071317 10.117772 


0. 18908445 


9.927915 0.072085 0.1 1745 


10. 189535044 
10. 189386043 
10.1892 37|42 
10 180088041 


20%. 8 1100109.882121 
210.8112109 882014 
| row $enzgh 9.881907 
3.811507j9.881799 
240 811655 


9.881692 


9. 52894010. 0 100010. 1178790. 
9.929196 22 10. 11798610. 

10. 11809310. 
9.929708[10.070292|10.118201|10. 
9 929904{[10.070036|10.118308|10 


9.92945 2f0. 07564 


188939040 
188790030 
188642038 
188493137 
188345130 


9.81180409.881584 
9 8119520988 1477 
9. 81210009. 88 1369 
9.81224809.88 1261 
9.8123979.88 1153 


9.881045 


9.930219110.069781|10.118416{10.1881 


9.93047 510.0695 2510.118523 
9.9307 3110. 069269010. 11863 
9 93098710. 06901310. 118739 
9 931243010. 0687570. 118847 


96135 
10.183048[34 
10.187900[33 
10.187752132 
10.187603[31 
10.1874561[30 


39.812845 


I Sine 


9 031400010. 0685010. 11895 


Tangent 


ö 


| Secant 


| 


1 


49 Degrees. 


Tangents and Secants. 


( 519) 


| 40 Degrets. 
] Tangent, 


| 


| 


| 


„ 


Sine Secant 


«| 
« 


S ,x 


> 
EAT 1 


9.812592 
9.812840 
9.812988 
99 
58132837 
y 613430 
9.81357 

9.813725 
9.813872 
9.814019 
9.814166 
9.814313 

9414460 


449.8140 
9814753 


9 81490 
9.815040 


59.815193 


9.315339 


9.81 254405881045 


98154859. 
9.81503 109. 
9.815778. 


9-809 35 
9.880839 
7880721 
9.88001 5, 


993149 
9.931755 


1.932010 


9.932260 
22328992 


10.008501 
10.068245 
10.0679 c 


10.007734 


10.0b7478 


10. 118955 10. 187450 30 
10. 119002 10. 1873082 
10. 119170 10. 18716028 
19.119279 10. 18701202) 
10. 119387 0. 18086526 


dog og 
3-880397 
9. 889289 
3.880180 


9 880072 


5932778 
3-933933 
) 9332859 
9-933545 


9-9 33500 


| 


10.0662c0 


10.897222 
10.066967 
10.0607 11 
10.066455 5 


10.119495 10 18717025 

10. 119003 10.188970 24 
10.119710. 18422ʃz3 
10. 11982010. 18627522 
10. 119928 10.186128 21 


9-879963 
9.879855 
9.879740 
9.879637 
9879529 


9.93405 


9.934567 
9.934823 


9.937211 


953927 


10.005944 
10.065689 


10.005433 
10.065 177 
10.064922 


10. 120037 10.185981 20 
10. 12014510. 18583411 

10-120254 10. 18568718 
10 120303 10.185 540 
10. 12047110. 


18539311 


17 


9 679420 
9879311 


9.879202. 935844 
9.930100 


9.87 9093 
2.878984 


9935333 


935589 


9.03635 5 


10.004009 
10.064411 


10.1 20580 10. 
10.120689/10. 


10.064456 
10-007 90- 
10.06364c 


10.120798 10. 
10.120907j10. 
10.12 016.10. 


185247 
185 100 


184954 
184807 
184661 


15 
14 


12 


9.816507 
9. 8166552 
9.816797 


9.8 1592300. 


9937121 


1719-937 370 


9.937032 


9.936010 


10.003 390 
10.063 134 
10062879 
10.062024 
10.062368 


10.121125 10 
10. 121234010. 
10. 1213440. 
10. 121453 10. 
10. 121562 10. 


1845151 
184369 
184222 
184077 
182931 


— 


2.8. 


28.937887 
9.8782199.938142 


9.878 1099.938397 


9.877999 9.938653 
9.8778 9009. 938908 


10.002113 
10.061858 
10. 061603 
10.061347 
10.06 1092 
10.060837 


9818043 


Sine 


{9-57778019-939163 


- 


5 


Tangent | 


10.121672 10. 
10.121281 10. 
10. 12189110. 18349: 
10. 12200110. 
10.122110,10. 
10 122220, 10. 


- | Secant 


183785 
183539 


183348 
183203 
183057] 


SaanutWN[ o = 5 e. 


49 Degrees. 
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L 14 


+ We 


— — — — 


A T able of n Sines, 


5 


41 Degrees. 


—_— 
— 


1 aps HUE | 2 1 domus 


W tt tits 12 to 


\oo wa 


4 


e 


z 9.8777 80 
99.877070 

9.87750. 
9.877450 


9.877340 


4 


| | Tangent 


— 


939103 
9.939418 


93,73 


9.939928 
9.9401 


| 


10.0008 37 


10.000;82 
10.060327 
10.060972 


S 3 10.080817 


— 


10. 122220 
10. 122330 
10.122440 
10. 1225 50 
10 12200 


| 
Secan t | 


BR 


— 


31708 
9817813 
9.817958 
9.818103 
9.818247 
9.818392 
9 8185 zf 
4.818681 


129. 818825 


9.818965 
7.819113 
2.819257 
9-819491 


19 819545 


5.8 19689 
9.819832 
9.819976 
9.820120 
9. 820263 


24% 820406 


9.577730 
9.877120 
9877010 
9.875899 
9875759 
9.876578 
9.8705 b 
3.57045 
9.876347 
9.876230 


„94043 
940094 
9940949 
9.941204 
9.941450 


10. 059562 
10 059306 


10.122770 


10. 122880 


10. 95905 110. 122990 


10. Og 8796 


10.058542 


10.123101 
10.123216 


| 


10.18 3057 


10 182912 
10. 18276, 
10. 182622 


10 182477 


10.182332 
10.182187 


10. 182042 
10.181897 


10. 18175: 


) 941713 
9 541905 
3.942223 
9.942478 
5.94275 


10.05 828 
10. o5 803 


10.057777 


9.870125 
9.876014 
9.875904 
9.875793 
9.875082 


9.942988 
9 943243 
9.943498 

9.94 3752 
9-94 4007 


10.0575 22 


10.057012 
10.056757 
10.056502 
10.056248 
10.055003 


0 


2110.123432 


10:123522 


10.123543 
10.123653 


1005726710. 123764 


10.123875 
10. 12395 
10. 12409 
10. 124207 
10. 124118 


10. 18 1608 


10.181464 
10. 181319 


10.181175 
10 181031 


10. 180887 
10. 180743 
10. 180599 
10. 18045 5 
10. 180311 


[54 


9.875571 
9.875450 
9.875348 
9.875237 
9.875 126 


9.647202 
9.944317 
9.944771 
9.945020 


924281 


9. 8 205 0 
9820693 
9. 8208 36 


9.820979 


9 821122 
9.821265 


| 


9.875014 
9 874903 
9.87479 
9.874670 
9.874508 
3-874456 


9-945535 
9.945790 
9.940045 
9 949299]! 
9.946554 


| 


10.05 5738 10.124429 


10.05 5483 
10.065229 


10. 054974 


10.054719 


10.124541 
10.124652 
10.124763 
10.124874 


10. 180168 
10.180024 
10.179880 
10.179737 


16.179594 


10.05 4465 


10. 054210 


10.05 3955 
10.05 3701 


10.05 3440 
10. as Abba 


10. 124980 
10. 125097 
10. 125 209 
10.125321 


10.128432 
10. 125544 


10. 179450 


10. 17930) 


10.179164 


10.179021 
10.178878 


31 


Sine 


9 940808 


Tangent| 


] : 


10.178735 


| Secant 


a 


[ 


San 


40 Degrees. 


— — 


f T.aangeats and Secants. 


S [commwiJal | 


9-821407 


4d 9.823821 


Sine | 
9.821205 


3.821550 
9.821693 
34 9.821835 
519 81977 
9.822120 
9822262 
9.822404 
9.822540 
9.822658 
9. 8228 30 
9822972 
3.823114 
4409.823255 
9.823397 
78235 39 
9.823680 


9.823963 


wt 


— — — 


9.874344 
9.874232 


9 8740089 947820 
9.87 3890.948085 


9.87367 2.946590 


3.87356 


9-873335 


9872885 


9.872772 
9872655 


9.87243 
9.872321 


Tangent 


9.874450 


. — 


— —— 


ö 


— 


9.873448 
873223 
9.873110 
9.872998 


9.95002; 


9-9470063110.052937 
9.9473i;|10.05 2683 


9 5408010 v5 $1y2\10.125544 
10.125050 
10.125705 
9.87412C|y.947572 10.052428 10. 125580 
10. C52174 10.125992 


948844 


10.051919 10.120104 
98757, 948335/19.05 105510. 126210 

10.05 141010. 126328 
10.05 11 50010. 120440 
5.949099. oSogo¹,õ. 1265 520.1745. 


9.949007 


10 05039310. 120677710. 177170 
9.949862 10.050 138010. 12689010. 177028 
9.9;0119[10.044884 10. 127002 10. 176885 
9.950370 0. 4063010. 127113 10.176745 


3-94935 3/10.050647/10. 12005 10.177312 


3-95138d 10. 04862 
9.05 1642ʃ 10.048358 


10.049375 127228, 
95087910. 04912110. 127340 
9.725470 951133ʃl0.048 6710.127453 
10. 127550 


10.127679 


— 


57 
9685 


g 825370 
6000 828811 


1 
1 


| 3.824104 
5824245 
9.824386 
9824527 
9.824068 
9.8 24808 


9.824949 
9.825090 


9.872208 95 1890.0. 048 104 
9.872094 
9.87198 U 
9.871868 


9.871755 


9.952150 10.047850 


10.127792 
10.127906 
9 5240410. 475% 128019 
9.952054y[10.047341110.128132 
9. 952913010 947037/10.128245 


9.871641 


9871301 
9.87118; 


9.871073 


9.871528 
9.871414 


9.953670. 046833 
9.95342 1.0.0455 79 
9.95 367510. 046325 
9.953929 046071 


10.128359 
10 128472 
10. 128586 
10. 128099 
9.954183110.045817110 128813 
9.544370. 048563101 


—ůů—ů— 


10.178735 
10.178593 
10 178450 
10. 178 30 
10.178166 
10.178023 
16. 177880 
10. 17773 
10.17759 


10. 176603 
10. 176401 
19.176632 
10.170617 
10.176037 
10. 175890 
19.175755 
10.175014 
10.175473 
10.178332 


Sine 


So | Tangent 


10.17519 

[0.175051 
10.174910 
10 174770 
10. 174630 
10. 174489 


Secant 


48 Degrees. 


— 
— 


—— | 0% AV — — 4 —— 


( 522 ) A Table of Artificial Sines, _ 
1 42 Degrees. | 


os me 


Sine | Tangent . | Secant | 


9.8255 11.871073 954410. 0455010. 1289210. (7445900 
g9-825651]9.87090 -19.9540691110-045309110-129040|10.174349 59 
9.870546 95494510. 04505 5.10. 129154010. 174209058 
9.870% 32.955 199.10. 044801010. 1292051017469 57 
9.87 618.9554530. 0445 47]10. 12958210. 173929 56 
9.87050419-95570c7[10.044293/10.129440|10. 773789055 | 
4.8703z019.955g961110.c4403y ee wah 473649 544 
9.870270.9562 1510.04 3785110. 12972410 17350953 
9.8701619.95646 9/10. 04353110. 1298 3910.173309 52 
9.870047 0.9567 23010. 04327710. 129953 10.123230 51: 
9.809933|9-930577|10.043023|10.130067|10.17 3090/50 
9.86981519.957231[10.042769110.130182 10.172951/45 
9.869704 957485110.0425 15/10. 130296 10.1728111[4d 
9.8695 899.9577 3910. 04226110. 130411 10172652047 
14 9. 8694749. 905799310. 04200% lo. 130526 10.1 253304 
159. 8276009. 869 3609.95 8240 10.04 1754.10. 130040 10. 17239445 
1009. 8.7335 9.86924 59.95 8500.10. 04150010. 13075510. 17225504. 
9 869 1309.958754 10.04 1240/10. 130870 10. 172116043 
9.869015 9.959008 10. 4099210. 130985 10.171977%42 
199. 828 16209. 8689009 959262 10 049738[10.131100.10.171835 41 


200). 828 30 1.80678 51g. 959515 10.040485|10. 131215 10. 17109 9 
219.8284 39.9. 868670. 95976910. 040231010. 131330 10.171561039 
229.8285 7809868 55 59.960023 10.049977/i0. 131445 10. 171422038 
9.8287 10609 8684400. 960277 10.0397 2310. 131560 10.171284 037 
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260.8291319. 8580930. 961038 10.038962 010. 13190 10 17080934 
2749.8 292609. 8679780. 96129 1010.038709 10. 132022 10. 170731033 
28.829407). 8678629. 96154 510.0384 510. 132138 10. 170593132 
299.8295 45.867747 9.961799 10. 0382010. 132253 10. 170455031 
3009. 82908 0 86763 1.96205 210 03794810. 132369 10. 170317 30 
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9.8 2908 3]9.867 03119 90205 2010 037948 10.1 32 309 10.1703 17/30 
1.82982 1.807515 96230010. 03769410. 132451. 170179029 
20.829959%.867 3999.962560. 03744010. 132001010 170041028 
39.830097 9.86728 30.9628 13 10.037 187(10. 13271710. 10990327 
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3809.830784) 866703 90408 1010.03591 10. 13329710. 169216022 
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60 9.833783 9.864127. 9696 56 10.0 30344010 135873 10. 165217 
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19.841902 
29.842033 
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9.842815 


| 99 842946 
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10.014910 
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10. 14343210. 157537 
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5.84030. 
3009.840432 


389.8488 
39 9.840816 


9.853242 
9.8531 18 
9.35 2994 
9.8 52809 
32822. 


9.992420 10. 075 80 10. 140758 
9.992072 10.007 328 10. 146882 
3.992925 10.007075 10. 147000 
9.993178 10.006822 10.147131 
9.093430 10.006570 10.147255 


9.852020 
9.85 2490 
509.85 2371 
9.882247 
9.852122 


10.154330 
10. 154210 
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109.8494 
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42 847199 
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9.851947 
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9.993930 10.006064 10.147504 
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O. ooοοο I0.000000 io. 150615 


10.151148 


10 151021 


10. 150894 


10. 150768 
10. 15064 


10,150515 


Secant 


| Tangent 


1 


0 


45 Degrees. 


— — — 
* 


Eo: AHeSthes 


A TABLE of Angles, which every Rumb (or | 
Point of the Compals) ) maketh with the Meridian. 


— 


7 


* 
— * 
ky 2 


1 
7 — = — * 4 
wat . .x- * 3 "= — a 
31 1 a — h ag — *. " . OY > 
* * N * a - 


| 4 North | South Point D. AA. | North | South © 

1 | — | e 1 

14 ( | | - 1 49]. | 3 

1 * VVV = Sn a 
ot | 3 S 8 26 9 [ | | 

i | XN by E. S by EI 11 15 NbyW S by W = 

| 14 | | —— N — | 9 i ; 
* 1005 | 1 4114 4 4 
_ | . | | 

all FITS IL Ct: '% 

14 | NNE] SSE 2 22 30 N N W | SSW | 
10 1 13 — — | | — —— 
h 1% 38 | „ | 
0 3 | 2 xſ28 7 | | 
4 | s $199.99}... t 
11 NE by N SE by S3 33 45 NW by N SW 5s | 
"1 N | 1 — — — — — 
1 | 3 3 344 t 
THF 1 1 13 139-22 i 
i 5 No. . Eaſt Sou. Faſt {4 45 o ji Weſt me : 
5 | | 4 5147 49 
7.16 4 : 
' | * | 26 | 

5 


53 
56 2 — byW |S 


SW by. 


2 | 
= 159: 37 | 
3 
I 

4 


_ 
1 — 
— 
— 
_— 
* 
— — — — — — — — 


GGG 


+ 80 _—— 
[© 2K 
— 
Un 


a 
: „ * 4 
—— 6 OE — 
— 
— 


— 


KN 


< 
— 


